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Synopsis 5 

In Report K Q ~  4 o%.bhis s e r i e s B  'tMethod~ of AmlyzIngS~dbc%%bt S&nples,'" 

a study of  a v a i l a b l e  l i t e r a t u r e  on msk%sds o f  dekemining the s i z e s  of 

sediment p a r t i c l e s  was described,  It was concluded t h a t  none of t h e  

present  methods f o r  ma lyz ing  s u s p e d e d  aediment s&eqbes c m  be appl ied  

s a t i s f a c t o r i l y  t o  a l l  sizes and concentrat ions which are encountered i n  

flowing streams. Tha p r e s e n b t u d y  was undert&en i n  a%temp% t o  supply 

Ynis def ic iencye  The bs$$ona avlthctraw~l tube  developed i n  t h e  course 0%" 

t h i s  s tudy appears t o  meek t h e  need, This device i s  a g l a s s  tube ,  50 t o  

100 cm. i n  length, equipped w i t h  a v o l ~ m e % r i c  scale and a ~ % c b a c % i n g  out- 

l e t  a t  t h e  bower end, F i r s t  the  emp%e ins u n i f o d y  dispersed i n t h e  tubeB 

m e n  t h e  tube  Is placed i n  an upr ight  p o s i t i o n m d  sw.sples of" b m n  volume 

a r e  d r a m  from t h e  bottom at h o r n  time internalso Then t h e  sediment 

weight i n  each f r a c t i o n  has been de%eminedthe  p a r t i c l e  s i z e  d i s t r i b u t i o n  

c m  be computed wi th  the  a i d  of s so-called 0den curve, 

The r e p o r t  ~ n e % u d s s  a review o f t h o  r a g e  of  condi t ions  f o r  which t h e  

present  methods of size analys is  a r e  su i t ab le ,  The various devices in- 

ves t iga ted  and t h e  method sf coxquting t h e  s ize  m a b y s i s  of sed iaen t s  on 

t he  b a s i s  o f  a uniform dispers ion  of p a r t i c l e s  a r e  d e s c ~ i b e d .  The rnodi- 

f i e a t i o n  of t h i s  method %or app l i ca t ion  t o  d a t a  obtained w i t h  t h e  bottom 

withdrawah tube  is expluiwed, h desesription o f t h e  t e s t s  mde to determine 

the accuracy a d  range of a p p l i c a b i l i t y  oftksa apparacurs i s  also included, 
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A S m Y  OF' NE;W MEmODS FOR SIZE AWaYSibS OF SPdSPEEJBm 

SmIWT S m L E S  

1, mrporiae of r epo r t - -Be  or iginal  p u ~ o s e  sf this study aas t o  

dmelog a device suitable f o r  maayzfng suspended sediment smp le s  wf* s 

wider rmge of p a r t i c l e  aizcagwd csn~6saatrektioaas &m i s  p o e ~ i b l s  w i %  my 

of the methods h o r n  heretofore, As %he study a s  curkailed due t o  war 

conditions, t h e  gresqnk purpose s f  tihe report  i s  t o  describe t h e  progress 

t h a t  laas been mde, t he  degiiose developed, t he  methods of using %hem, and 

t h e  t e s t s  coaduoted t o  determine t h e i r  aeauracymd e&ffo.%ency,in an t io i -  

gation t h a t  the  s b d y  o m  be resmed m d  earsfed %s c o q l e t i o a  8% a mre 

favorable time d*out l o s s  of valuable ideas o r  i d o r m % i o n e  

2. Burposemd scope of$he general s%udy--ms various phases csvere~d 

frathe g e ~ e r a l  project ,  "A Studyof Metlaode Used in. Measuremn%mdhalys i s  

0% Sediment Loads in Strsms,@'  sf h i s h  %he present study i s  a past, are 

Indioated by t h e  foPle,wing t i t l e r s m d b r i e %  abslracke of  preceding reports  

whish have been published, 

-8'Fi@dld p r a ~ t i o e  a& Equipment Used i n  b q l -  
ing Buepended S e d i m n e a a t , ' ~ ~  a deta i led rmiew of the equipment 
m d  methods used in suspended sediment s v l  f ag  frolathe e a r l i e s t  
bvest igat ism.  "%&s present, with discuesione of" %he advantages 
and dirss~dvmtagea of t he  various me%hods and instp"w~ents. 'Flee 
requirements o f  a s m p l e r  which would meet all f"%s%d csladitioaae 
s a t i s f a c t o r i l y  m e  s e t  for th ,  

-"'Equipmen% Used f o r  Smp ling Bed-Load and Bed 
Ib%h bed-lsgtQtmdbed m t e r i a l  i n a ~ ~ r a l a e r  s i m i -  

lar t o  t h a t  i n  * I C ~  R e p ~ ~ " t ~ a  1 O O V ~ F B  suspended loado 



covers aa investigatisa o f  %he aacuraBy 0%' 
varisue methods 0% s q l i n g  euepsnd@d sediment i n  e vert ical  
s e a t l o g  of 8 a t r s m  b a ~ s d  on %he l a t ea t  d~vslopmmta i n  the q- 
pf foa%iow a% Lurbt~lence kheoriss Lo eediment %ranaps*Lfoa. 

o r ibs  s a  mmy me%hadr dmePsped far  d e k e m b h g  t h e  
s h e  of smP1 psrtieles in aedimsak smlyses. Detailed in- 
slma$fsna sre given for y sf Lhs a o m n  %@%.ode in use f o r  
detembning the p s r t f  sle &ad %he %o%aI eoneen%ratf on af  I&%- 
man% 3 a  a-lee a a  developed By sg~ncfes B@iw seens ive  work 
i n  %&@a@ FieIda,  

Beport No, 5--"T&boralo%-y Investbga&bon~ sf &lspead&d Bed%-. 
-m- r e -  

men$ $-=,@ deaosibes eqe rbea%a  LQ inve~tigate e r f e e t  
sf various hL&e soaditions anme ascuraa3~ o f  ~ e d h @ ~ L  @-lea 
m$ %he C f  %%bag ~haraa$ct*islios s f  ~ P r n  f%B3s%ng ~ ~ B e r a  md9~ 
v a r i s u ~  oanditfoaa, 

6-m8@%e D s s f g  a k  Iaqrsvad T$pe& of' guapedsd -- 
B ~ B I O P ~ ~ ~ B  the d @ 8 @ 1 0 p ~ %  f b d  % ~ a @  09 

Bs -$dlm-- or% Hoe O--@Densi%y of Bedhen%@ DegwlLed fa R@@@r- 
vo3 r c  , pr@rea%e d a b  sn %he &ppcr@a% be~8iLy 0% @@dhmL d q @ @ i t &  
f.n var$*ou~ ex ie t iag  F B ~ ~ ~ Q ~ ~ P S ~  The r@@dts are s 
ser$rFa sonolurfone a% val~ae i a  @ngfns@sing aWdi@@ are gfvm. 



Researoh, me invest%ga$ion WB conducted a% the  Bydraulio Laboratory of 

%he Xom I m s t i b t e  of Hflraulie Re8e8rchp Stgate University o r  Iowa, Iowa 

CIQ;)., I om,  m d e r  the  supemision o f  Wofssaor El We b n e B  following 

represepa.$a$ivee of%@ cooperati% agenoies pa r t i c ipa ted  i n  var ious  phases 

of the general projeotn Vernon J. Palmer, Ploed Control C o o r d i a a t i ~  Com- 

mittee; C1welmd R. Home, J r , ,mdXargm D, mbrms C o q ~  o f  mgineers; 

'iVie$or 80 Koelzer, m d  Paul C a  Benediot, Geologa%cal Sumey; Clarence A s  

Boyll, Tsmeseee Vall ey Au%hori%y; milip Me Roble, Donald E, &inehart,  

m d  J e h  1, Stpxsnbedy, Bureau sf Reel-tion; and P r d  Re Barker, Offfoe 

of I n d i m  Affairse 

Ths researoh work connected ai& the present  study wae oonduoted by 

J o b  We S-ley, Bureau of R e a l m t i o n ,  a d  F r U  We Parker# Office of 

I n d i a  Affairs ,  eollabora%ed a leo i n  the preparation o f  & i e  r e p o ~ ,  

The persome1 of %he U D  S o  mginees Sub-Office, Iowa City, m d  of 

%he H f l r a U b i ~  h b ~ y & % o r y  $he % ) T $ ~ ~ v B ~ B ~ % Y  0% I o ~ ,  888i81$8d %he ad- 

a i s % r a % i v e  details, * e  t e s t i ng  progrm, m d  in the preparat ion o f  %he 

repor t ,  "$fie repor t  was edited by &fro &r%h E e  Nli~~1~on~mgin88r  i n  oharge 

0% t h e  U, So mgineer  Sadl%-QfPiee, IOWL City, Ima, 

4. B~howled@ega%el--my ( ~ u g g e a t i o n ~  a d  eon~P;$%a@ti~e crikieieane 

have been rsoeived fron %he cooperating agenaiee *%ah have added mterb- 

ally $0 value o f  %he repor t  b. i t s  f h a l  fame B1$%iou%ar acbewledg- 

men% i s  givento - l opee  of  the GeologiaaSb Sumey, Bureauof R e e l m t i o n ,  

S a i l  Canssmation Berniceo m d  Coq8 of figinsere for the i r  de%afled re- 

v % @ ~  s f a e p r a l W m q  report ,  &e;i o r s d i t  i s  aleo due D r ,  %, C o  It 
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5, P q ~ r t m a @  of p&&fole a i z e  fa sedime~$ s%udiee-*In seaen% 

yearsit has beaaome generally recagaized kha%%h@ PQ~~Y$%BPQ si$b of 8 e d h h t  

i m i q e ~ a n %  factor %%.%I predietiag the behavior 09 %he mterial when 

carried by mter, Thsrefore ,b  studwg my ~aginsering problem *obvirng 

%he behavior s f  f iuvfs l  esdiment itisrcseoee8av to b o w  not only *e eon- 

centration o f  .$he sedhent  ~an%aine& in the n%er ,  bat alga t h e  siass of 

the par t to lea  sf *ioh it i~ eowoaed, I n  detsminlag the rate at *i& 

a rseemoir will s i l t  up, i t  i s  necessary t o  b w  not o d y  t he  mi@% 02 

tha sediment t ha t  dl1 be depoaiked, but ahso a s  psr%ie$e @gee, rfnoe 

"6;he densily o f  the  s e d h e n t i n  p l a , ~ e  i a  p a r t  a hnoeion of &s partioXs 

size, For years data on %he concea%ra%ien of sediment i n  s t r e w  

have been collseted hie .  are invaluable b s&imentation stadLee, but 

these da%a alone are not adequa$e f o r  e i n g  aoourate prediatikssns of Be- 

position and f o r  purpoaee a m  no$ &a used wi&aut $he ~orrespo&ing 

da$a on partiele eiteo 1% i.8 mtio ipa ted ,  aerefsre, %a% ~onsiderabls 

reeearehmd experim@ntal w& will%@ oarried on in khs fitailreto deternine 

%he ahzeo%s~ledia@nL particlee oarr iedbgetrema u d e r  various oondi$ians. 

The 1bws g g ' t v s r a f n g W ~ t r ~ s p o ~ a t i 6 a  of sedimentwill afeo be ~ % u d i &  mre 

filly, m d  in  %hat a o m s ~ t i a n  a great deal of a i z s  m l y r f r  w o ~ k  dl1 be 

required, Therefore, i t  i s  d s ~ f r a b f e  Lo dm@lop a meaodof a a l y s i r  *%ah 

will be rapid and aoaurata, a d  which will be aui$able fer mdpbg 1 q 1 e 1  

of Pm ~ s n e m t ~ a t i o a ~  

-1% h ~ s  10% been 

h o w  t h a t  the findmanta1 property governing %he action of a ausge&sd 



sediment parlf cf e ies n ~ t  its size, but r a ~ s r  the rate at which the partiale 

will settle in quiet mter, &$oh rate ie closely related Lo the size, 

SlaLirsLica1 mlymris of turbu%emce indicates that the vertical c o w  
i 

pane&sofup~~ard currmts i n  a turbulent s t r e m  balmce thseeof domward 

. *  cusrentsp, but, iaasmeka ahsaca sediment conceba$~a$ion in ea section sf 

stseam f nereases from ~ g ,  h3urfa0e $0 -$Brie bottom, t he  upward o $ P ~ F ~ L " ~ $ s  11 coda@; 

from a regionefhi&rar concsnLra%fon, carry sediment par-b,ic$es upward at 

faster rates *mdo the dsmwarrci currents i n a e  opposite d i g ~ e ~ t i ~ n e  How- 

ever, the particles of sedimentin suspension are attracked domward also 

by the foree of gravity and t h e y  continue settling toward tihe sstrem bed 

as long as the upward vellocity c6smponentsof %ha twbulence do not exceed 

their respective settling velocitiss, A recent study (1) has s l a m  that 

the movement of mterial in rolling or sliding along the bed also %$ re- 

lated mre e1orae%yto its settling rate khan to its size, Therefore, from 

the vimpoint of $he hflsaulic engineer, settling rate appears -+GO be the 

most imgortmt property of sediments ccnrried in suspsns ionby f l swicg  water, 

In otherphases of ongineerifig, sodimenkary materialshave been dealt 

with onthe betaia of particle size, and stud.ies of gs013glsts i n  the field 

of sediments have been largely on a similar basis, Morecvcr, it is much 

easier to form a reasonably accurate mental picture of a partlcbo sf a 

given size khan sf a ce r t a in  settling rate, md these  is no p rac t i cab le  

way of measuring the s e t t l i n g  rate of very large particles, ~lthough, in 

the future 'the set$ling rate w i l l  no doubt ne more widoby used as the  

basis of sedimenkary parkicle classification, f o r  the prssont, p a r t i c l e  

size will undoubtedby be used in moat cases as t i a t ?  ::i a;sification basis, 

partly because 0%" ca re luotmcs t o  E L C C C ~ ? .  I-IP~J ~rleebh~ds =d p a r t l y  bsca.~~ss  



it i s  more ~ o n v e ~ d l ~ n t ~  The s e t t l i n g  rate om be destemined f romthehsm 

p a r t i c l e  sizebymeans of a f a i r l y  defisbite rsXalionbetwaenparticlga size 

E E ~  s e t t l i n g  rate,  

The r e l ~ ~ t i o n s h l p  between particle s i c e m d  se%t%fng r a t e i e  discussed 

at sonae l e n g t h i n  Wepork No. 4 of  this soriea,htconsidearab$e s%udy will 

bs r equ i red  before %h%s rolatfsnsh%.p has been detemined w i t h  nufflaient 

accuracy tobe agpl%ea'ale w d a r  a l l  conditionss For f i n e  mter ia le ,  belm 

t~bsu% 1/26 i n  diaxe$cs,the d e t a m  o f  part icle s i g e  i e  $ $ B ~ ~ O U I  

and f o r  con-venienoe 4 - e  s i z e  ordinarily i s  not  detemined a% a l l ,  but  

F E ~ ~ ~ L O ~ P  t h e  s ~ t t l i n g  %-ate is obsamed from h % c h  the  aorresraponddng sizes 

is oornputed because i n  %his range $he settling rate can bs measured more 

readily than $ha size, 

For prsc%ical  purpoess inh$raul%e engineering s b d i e s ,  how~ver, it 

does n@t mtt te r  h i c h  nnoth~d of  elaaa$fica%fon f s  ussd, because if the 

rs&a&;ioal betwesra"e;he s ize  and se%$ling rate % a  knom either c lass i f ica t ion  

ea,n readi ly ba ct3nverted t o  ?,he other. 

Du@%o the ~ a ~ i e t ~ r j ~ ~ f  shapes p a r l i e l e a  may 'r;&e, thereare imueapable 

relations beemeen sizeand s e t t l i n g  xoate,md since sediments are composed 

o f  par t ic les  o f  differen% shapes, a s ingle  refation will no% eqregia~ all 

of  t h e m ,  H o ~ ~ ~ v e r ,  thfs relationship f o r  spheres i e  w e l l  h o r n ,  which 

relat i lonsh%pis eua tomri '$y  used in trmelating one dimensionto t h e  o*en 

The  particlo s i z e  computed from %he sektling rake by .$;hie me$%bod 88 h o r n  

as t he  oedimentaation d ime ta r  m d  m y  be defined as the dimetsr of  a 

sphere having $he s m e  specif ic  gr&v$tymd 8cttligag rate as $he p a r t i o l e  

mder conaiderkalion, mere the sedf%1%8n%is amlyeed by msaaur%,ng the $a%- 

t lPag rates of t h o  psartioles, and the 2artioPe sizes detemianed by mem8 
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of %his rs$a%isxa,%he sedimentation d i m e t e r s  can be reconverted t o  exact  

s e t t l i n g  ra tes ,  but  h e n  t h e  s i ze  i s  detemined by any other process, it 

becomes mare d i f f i c u l t t o  determine the  r e l a t i on  baskweenthe s i ze  m d  set- 

t l i n g  r a t e  and, consequently, be"%sween the  s i ze  as measured m d  t h e  sedi- 

menta%ion d ime te r .  As these relationships beeom8 established,  however, 

this d f f f i c u l l y  w i l l  also be everoome. 

In. the  reminder  of t h i s  r e g o d t h e  par t ic le  s i ze  w i l l  bs considered 

in% tema of the corresponding setLling rate i n  water, The t r m s l a t i o n  

from sedimentation d i m e t e r  %a s e t t l i n g  rate, o r  vice verea, QEEI be made 

by meme 0% d i a g r m a  guoh as tha t  shorn in Pig* 1, it being assmed that 

a l l  the pa r t i c l e s  have %he s m e  ageciffo gravity as quade,  ie e., 2,65, 

7, Re-eimof previous methodssf size analyeie-.-Report Bod 4 of this 

aeries, en t i t l ed  "X8$gBod~dofihzaalyaing Sediment $mple,ea,"ie a studyaf all 

available dataon eiee w % y s i s  methods mde i n  rn attempt $0 f i n d ~ e  one 

*ioh i s  beat su i ted  to susp~nded sedimnt amp be^^, Thie review showed 

tha t ,  altkoughno s ing le  melhod m a  fomd satisfaotory over the  wide rmge 

of s q l e s  of suspended sedimsn* found i n  atreme, the f o l l m f a g  methods 

have been f o n d  suitable in ceseain oondi%ions and have been extenteively 

used i n  eedimnt studies 8 eimes, deom%atian, p i p e t t e ,  hflrometer, 

8%-@ m l y b ~ i ~ ,  either W B ~ Q ~  dry, i a  I id%ed t o  p a r t i c l e s  of approxi- 

mtely 1/18 mo dfmeter o r  l a rge ro  &slysf ha wi%h f i n e r  soreens is 

generally not  practioable due t o  the diff%mlty of  constmet ing aeeurate 

screens with a m l l e r  mesh, It o f i m  happens %hat t he  m m t  o f  m%erisal 

coarser khan 1/16 mo i n  a su8pended sediment a m p l e  is eo &ute as t o  
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greelude the possibility of cMaiaing an accurgz$s sieve maly~ia .  For 

sedhent s%udie& esfeve ma1yaea are lese ea"cisao$sry % h a  the me%hods 

involviagtBaameaaur~a,mea% of ee%%%ing rates,as the relation beheen aim@ 

size w d  se%tIing rate f e  no$ accurately h o m e  

Althou& %he Qlecmta"$on method is suitable for fine partiolea and 

law coacentrationa, aps ma poinked out in Report Woe 4, %he me%hsd i s  

laborious md %ime oonsmhg, The speed with &ieh the coarser partislea, 

fall in mter m&ee it d i f f  iou l% t o  malgrze mterial abme abou% 1/16 me 

For mterial below 11x6 me %he p i p e t t s  method sassma to be eonaidered 

the most accurate bythoseho have studied compara-l;ivs me"p,hods, men the 

eupply of mteria% is adequate the pipette malysis i s  usually run using 

a canoentrl%tian of 20,000 pep.mo bymeight  but p i p e t t e  analyses cagl be 

ueedon lighter eoncentration~~ A par t  ofthe iwestigationreportgsd herein 

deal8 with the eff sc% s f  co~~oen$ra%isa on size@ analysis results 

h@ronster provides a siapPe method of s ize  walysie and has 

f o w d  wide use in $hie OQI;IP~%I~ in e o m e ~ t i o n  with the constrba~tion of 

earth dme, lweee, hi&mye, and in sthar app1 ieations of so11 mechmf os,  

'BBbkhin %he rmge *ere it $ 8  ea%isfactory,it 18 perhaps the simplest m d  

mas$ rapid mathod, although i$is probpb$sly Pebse accurate thean%@ pipette, 

At3 $n the ease o f t h e  deom%a%isn w d  pipettesit is  impracticalto analyze 

eediment coarser %hm about 1/16 m, The rmge of concentrations used in 

present routine malyses with t h e  hydrometer is from 25,008 %o 50,000 

p .p * B e  

Size malyais by settling rates for the coarser particleein auspen- 

aions has found wide use in India, In Report Hoe 4, pages 238-140, are 

desoribed tm f o m  of  "s$ltome$ers1' used for t h e  analyai8 of coarse 



material ,  The f i r s t  of these,  h o r n  ae an " ~ p t i o r %  lmsr a i l lomter , ' "  

wsaa designed by Vaibimtitthebn (2) i n  1933e A merouq ometer l ~ o a t ~ d  

near t he  bottom of a Ioag sedimentation tube ind$cse%ea t h e  ehmge i n  

presssuro with time a%ftsr a concentrated s q I e  hasbeen introduced a% t he  

top of t h e  tube, The mavgmsrmt of t k s  top o f t h e  mercury COP 

enlarged by re f lec t ing  a bem of l i g h t  upon pbao%ographic papcar on a re- 

volving drum, The apparatus was daaignedfora  size rmge  s f  0,87 t o  0.86) 

rnm. d i m e t e r  par t i c les .  

In  1934 Purim(3) designed a "s%l$ometerfl f o r  malyeing sediment 

s u p l e e  with pa r t i c l e  d i m e t e r s  between 0*06 and Or6 ma in Which the  

sample is introduced a$ the  top of a Iong tube of water and frsnc%isae 

withdram from the  bottom, Since Puri 's apparatus i s  about 280 am, long 

it probably c m  be u s e d t s  amlyze  pa r t i c l e s  as coarse as BeQ or even 2.0 

am. i n  d i m ~ k ~ g ~ e  

For the  coarser ga r t i e l ee  i n  suspended sediment s ~ b e e  the  W e  S. 

$oflCsnssmsrtica%a Semiee a t t h e i r  babora%ovin Gresnrille,Sout;k Carolina, 

have developed a micko~copic meaod s f  ~ i z e  analysis  in  whioh a micro- 

projector i s  used, This has proven s a t i s f a c t o w  bssause the  weigh% s% 

coarse mtesialb above about 1/16 m e  i n  s l imeter  i s  very minute fo r  the  

parLiculak s q l e s  being malyesd the re  m d  bscebl~se onlythe t o t a l  weight 

and not the  grading of %he f i ne r  anaterial i s  being detemined, A pages 

describing t h i s  method a d  en t i t l ed  "Use of %he Microprojec%or i n  the  

Axaalysis of Small Samples QP River Smdoa has been prepared by Mre R. G. 

Grassy and has been aoeepted fo r  publication i n  an early i ssue of the  

Journal sf Sedimentary Ps%rolsgy. 

Sieves m d  the  siltometas are  adapted only t o  smda or  the  coarser 



mtrsrial, f i e  dsamtatisn, pipst$@, m d  hflrometsr me%gBodar are satis- 

fastow for %he amlyais of s i l t s  m d  clay8 only, Figb 2 illustrates the 

psrtiole e i e e  l M t a t f o n s  of each method just di&ssra@eed, 

yais are reagonably ea t i s fao$ov ,  Rowmer, the coacea%ra$bone i n  

aut3pmded ~ s d i m a t  a w l e ~  are frequently so llm %ha.%; huge qum$iL%ed m u l d  

s q l e s  f o r  w l y i a  inr% %he 1 a b o r a t o ~ ~  and me h ~ r e a ~ e d  $ h e o  e % u f o ~ #  

a d  eqense imoxved i n  f i e l d  s q l i n g  md .$rmspor%%ng the large amber 

PARTICLE DIAMETER 
(U U.) 

Fbg. 2 - h r t i o l s  s i re  l M t a t i o n s  o f  present oomon method@ 
o f  size anealpis, 

ma ese%tlhgrr%e methods are degend~blefor m l y z h n g  ~onomtratione 

b e l m  en e e ~ a h  l i m i t  only, 32~ greater sonoentraLisna suob factore  as 

obrmgea in &e appar~n% density of the susspmaisn and*@ mtul interfere 

eaoe of part ia l e s  wf%h different fall ve%os%%ies disturb the n o m f  se$- 

% l b g  pmcess, mflh@rno~@@ the par%i~%88 do not set%1e i n  a @$gaxlc%er 
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vessel in the same sr a@ %hey muld i n  a f lu id  of d i m i t e d  extent, 

(4) state, auaoer°s h o w  of  no quat i ta$ive  &b an +At3 ~ u b j $ f t ~ t ,  bu% 

it ia peB"3.l"~~ best to uee suspenaione eoa%aini~gao$ mre thm about 25 p, 

metlysis now employed ape ehnm in Fig. go 

mdein %his  inves$%gationtg, explore the pas~ikailityofuwing Pfghter oamra- 

om%rai$igsne baoause sbdies  along l h e  have alredgbsen mde without 

mrkead suooeseo B a e d q  that Q e 5  @.i@ needed for %he d e $ ~ ~ ~ a t % o n  pro- 

cess i n  a 1,0W ao, auspeasian,a lower P M t  of 500 pepem. i a  indioaked, 

Missiseippi, 8. conomtratisn ae low as 1,0W popom, e m  be uaed wi$B, &he 

p i p e t t s i n a  euspengsfon o f  500 GO, me upper IPmitofbo.$h %he decmta%igan 

a d  p i p e t t e  meaoda ha8 been placed a% 25,000 p .p.m, A 18,@p, smple 

-8 u e e d b g m i  (3) i n  s 2W-em0 b b @  having a s o l u e  of 6660 ea, T&ing 

%hi@ IB %he u p p ~ r  a lmer b i n i t  of lC)popomo mi@% be indioated u8Bng 

a s w l e  of about O,O5 gm, For s i m e s  a d n i  w.sei&t of 0085 m, h 

l,WO ee, would give a lower f i m 8 t  af 56 p. p. mo *ile the upper Bid& 

would be a e  h i @  as my e n a o u t e r e d  in  suspended eediment ~ q l e s .  

%eae l i d t a t i o n s  a s t e  p a d i s l e  s i z e  md sorraoen%ration are based on 

present pubPi8hed a&faleoQ From %he resul%s of %his investigation, h m  

ever, d i f fe ren t  $ id ta tLena  a r e  h d i o a t e d  as diaeuesed ia dso t ion  26 m d  
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far d i n g  s i ~ e  malyser should be faat, ao~urate, m d  adapLable t o  mar 

pmduation O U % M ~ ~  I$; should bs oapable o f  omeriag the  o o q l e t s  rage  

sf ooncen%ra$8ons md padPePe s i e g e  enaoua%ersd i n  eu@peM& aedfmmL 

~ w l e ~ ,  Siaee *s ae%ual sa%tling rate of a p a ~ l ~ 1 ~  i s  generally o f  

mrs iwo&moe ia redimeat studiee %baa exact measure of  v o l m  o r  

dimeter, i$ i.8 advisable Lo m l y t e  %ha oomplete n?sqle  By settling 

methods withsu$ r e ~ a r t i n g  t o  simss o r  o ther  dmiees, me aedf~entation 

dfameters indicaaled by %he se t t l i ng  r a t e s i n m l a r  fom %he basia f o r  the 

grading eums,  

m ~ t  ~ e a ~ b t i v e  h@rometer ye$ devfeed is mriPe @sha&no=ths@ 

a i e h  $8 deaaribed in Report K g o  4# pagb 94, The caswaentrsthon 0% a sus- 

pension a% a paint  %a mnasasurad from t h e  buoymcy we$&% of a hflromstsr 

h v h g  a displaoment s o l m a  o f  about 100 eo, The weh&ing apparabs i s  

seneitiss t o  one m i l l i g s m  (0,0e)l gm, ), In t h e  p i p e t t e  a a l y g i l  %he v01me 

sf e&eh pPpetLed fra@t%an $ a  usually 20 so,, m d  %he sediment in eaoh 

eactigsn i s  o ~ d i m r i f y  weighed on an w l f l i e a l  balmoe t a  one-teas of 

a dl l lgrm (OeOW1 %asehgamethads, when oaqared to some m$kod 

*%ah utiliaeethe eaqPeta  a q l e ,  would have %he gsoqwative seneitive- 

ages a h m  %a f o f b m i a g  tabufalisna 
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h e  &o the  pract ical  df%fieul$%es e n a a u ~ t s s e d  in %heir operation, 

L h e ~ e  o ~ ~ a r s a t i v e  valuesfor the hflromet~rmd p i p e t t e  grronevsr 8%&rfbnede 

It has been the eqe~ibaoeob'othsr~ t h a t  aaken hflrsaeters are hilt sen- 

sitive mou& Co h ~ d l e  oornaela$ora$ions li@tert,%mabou$ 25,QWp.p.m. it 

beosmar inoreasfngky d % f f i o u l $ b  obtah oonrrrietent results. %a regard to 

the  pipette meP;bnod,Pabosrtovtests rapo&edh@re%n indboa$e&%at a~ourr.$;@ 

t be obtained wi%h aoneentratfona f%&ter a m  about %,W 

g.p.me me decantation memod utilises the entire ~smplea but it has been 

ated from oaosidesatigan because of the labor m d  t b t 3  required to 

&e an malysis. nrth&mors, the hflrometer, pipette, and deoaaatation 

methoder sre ~satiafaatokyf6or mlycing pwtic les  lwger *w a 1/16 me 

Bime$ere 

Since some memodbywkaiekr, %he total awls embe -1ysed @@@ad $lo 

offer the beet possibili'8;issltma decided %o investigate one %n cia% % 

coneen%m%ed c % r q b s s i %  intmdueed into %he top of @ low eo 

Xf sueh a tube wore divided inks chambers d f t ~ h  sauld bs closd o f f  a% 

will, $ken %he mLeria$ trapped in saoh ahmber eou%d bs weiglhed md 

the g r d i n g  detem%ned, 



9 ,  Desdriptisn of  method w d  appdratus--me %me of  walp i s  h e r e  

a aonc8ntmted s q l e  19 intreduoed in to  the  top sf a long, ohmbered 

tube ssened to have several advmtages aver a%hes methodee If me par%- 

i o l e e  would settle ind%vldual ly  %his method would provldea g radhg  based 

on settling rats, i L  would probably hmdle a l l  sixes likely Lo be feud 

in auapsnded sediarrent s q l e s ,  a d  lower oonoe%a,trations oouPd bs more 

aooura te ly  a a 1 y e d  since the  entire w e i @ t  o f  %he e q f e  would oe us&. 

%oh an appambs would require an ad@qt~a%@ aethod f o r  Pntmdu~ing 

conceratra$ad smp le ,  80~18 way of dispersing the  s q l e  jagst before *a 

btrodue%10n, m d  a syabm of slidss o r  otkler d w i c e s  whereby %he h b e  

s su ld  be separated %n%o sectionso Dividing %he tube into sectians, sr 

f ra~%$ons ,  would separate the sedinex$ diree%fg into fraalions just ae 

a s e t o f  sieves, An rapparatussofthis t n e  will be referred to as a eB%m 

bered sedimentation b b s o  

$ubd%vidingthe sedimentation tube does t w o  thinget it separates the 

s i z e  grading direekby i n t o  frac"%ions,as a$a%ed above, md it reduces a e  

time required t o  separate the  finer padhcles ,  As em e x q l e  sf &e $ime 

Che hflrostatie pressureof a mapeasfon a t a  fixed opening newfie  be%%om 

of a 1 0 ~  h b s ,  n e  %fa@ required f o r  the v @ q  fin8 particlee -60 eettlb 

a8 far aps %e ometer opening would be p~shibitivs, me v d u e  of  d iv ide  

$ng&a tubs i n t ~  seotions is&% onse appasmt when one o o n ~ d e r a  %he fact 

*at t h e  t ime required f o r  a mealysis would $hen be f o r  a fall csf edy 

20 ss men 5 eme f o r  %he fbes$  parkicle desired, 
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seatians and having a slide at each seekiono Bi%h t;%lrs tube filled ~ t h  

distilled watermdall e x ~ q t  %he t o p  slide @Jm in m open po~itioab, the 

slide waufd then be d t k b d r a w  quickly P;g, an open p o s i % % ~ n ~  allowing the 

s m p l e t o  settle in the c%eas watero If the coaraes% fraction desired PIPJ&$S 

of particles largsr thm Lhs E,O m, dimeter thean e l i d e  *A@ should be 

inserted, or closed, a$ %he hst-t P;ker% a P mo particle would have b d  

t h e  Lo F a l l  from %he 'top of the water GO%. to t he  @leva%isn of s l ide  



WA". If @%id@ "B" -a inserted at * e  proper t h e  Lo sqarate  the 0 0 5  mac 

partbale, &QD seckioa "8% m u l d  coan%;afn a11 &e paskielee b$ptw@@a 0,$ d 

in dimetero Slide @CH d g h %  k e n  be inse&ed t o  ~ q a r a t e  *e 

0,225 mo part iclemd ~ U ~ B I  t r a p  ~klla~ partlele~ b e ~ e e n  0026 m d  O o B  me 

in Seotian " C W o  mie could be con%laued until mefineat  fraction dseszird 

was t r a p p d  in the  t o p  seotion,  Biaoe  the t og  8eetiona would be u8eb Lo 

satoh the Pine pa&fofee,%hedis%meba they m u l d  fall. would be  am11 md 

therefore the %$me ~@quik"eg%. would be reasonable, The Por i nae&bg  

the e l i d s e  would have% be adjusled to take in to  aoeomt %s ePPeet &ak 

t e q e r ~ b r s  has upon the  s e t t l h g  v(e;nl.ocity of p&icles fa m$er, ms 

s u ~ p e ~ s i o n i n  each aee$Fon vould %hen be @vaporated,&e dry wei&$ of fie 

aedhen t  detemhed,md me gmding c o q u t s d o  1% mr reao@%ssd %ha% 

Pat%poduotionoa$ %he ~one$fntr&ted 8-le m8 the o r i t pea l  thfsag, For *a$ 

reason%etog s l i d e  f o r  fn%mduafng%a a w P e  =la built f i ~ ~ ~ t m d t e ~ t e d ~  

10, Tss$ r s s u z - - S i X t m d  clay a m p l e e  were use4 r e l l a ~  0018~~g4, 

08. smdy mtesial, I t  was f o m d a a t  k a n a  canoe~trated 8-18 ~oa%aikaiq 

Pine m.$;esial was in t roducedat the t a p  8% a ecslugma of n k e r  density sue 

seats mre es%up *ich mde i t  *oaefble f o r  *he finer p w t i o l e s b  set- 

ale &% %heir o m  bdivfdua l  V @ ~ B O ~ % ~ Q B ~  Cloudy seotione would 8 8 t L 1 ~  &@ 

a body d m  e f a e r  side of*etaaPss, %hers wepuBdsettfediagomPPy @OFQII 

%e   be m d  son@ sections a o ~ d d  be fore@& in ma upmrd direction h r 

swfr lbg  wfz"rs;rto Caareer pa&ioleaks of abouk 1/16 me in dim~$er or larger 

m d d  settle su% g3P den~ity O U F ~ ~ % S  ~ I I  individual PI*IBO~S i n  a 

%-- 

of" ooacaantrat$.~dnw~re t r ied  daliBp6 r ~ ~ u 1 t 8 ~  Xe%al ~ m e @  $OF baffle@ were 

baesesd n e w a s  top of %he h b e  in an ra%tmpt$o e lwmte  &s@e dmsity 



C U F ~ ~ ~ I ,  I 8  W e 1 8  V W % O U ~  %meld l i t 8 1  md ~ ~ l t m l  0.f IOB"Q@a@e V a r h t i ~ a  

its $Ins sise sf &e tube did so* e e m  to alter %he a i w t i o n  *rn 

elebora%as f o m  of s ~ l e  intmduati&an rere tkaibd on 2 a. mB 7 &a%* di- 

meter tube@, 

@eohr%naioal diPiieulLisr wess d r o  @qsriea~ed,  It m r  sot poseibls 

da a i r  desip to d e  me ~ p p a m b ~  m%sr-%Ight wI1%hou% mking %he 

rl%e%e &m hwd to work, A l e 0  amdy =%@rial m u l d  jm me glides sa *a% 

l& m d  bsfote BL a o d d  be 

usad again, 

Same mrk ms ddone oa %he desiw of  *st d&t bs  oalled e T r P t -  

s q l e r  desosibd in %*or% Re. 1, gage 139) *ere %he meal e l ide  mg 

r ~ p l a g ~ d  b a  s h o e  ~@atioa of mbbar h b i n g  whioh h d  aka~ut me dim 

meter rr ms %ubes Q ~ p w a t f o ~  faW e k d e r s  mr aeoswli&ed by * i r b  

h g  addaomt seotions aP hbiwe Work on %me of appwaks m r  a b  

d a n e d  before aoq$e%$Lon on aaoomt ~d$"$%a@diffiml%y in obtriaing ~ u i t -  

&le mterirPs m d  beoauee of tihe dmelopment o f  the %o&t@m wiadramle 

&be ( I @ @  &apter v), *%ah mr@ p r d 8 e i ~ .  



11, 

e q e r i e n o s d  wit21 density eurrenta M s a  t2-m eedimenk ma in t rodueedal  %he 

of water prawteda ehdy  of %ha pose ib i l i t yo f  elfdmtiw 

$he tmuble by us ing& u a i f a m  di~gers%an in  %he ehmber~d  tubee 

no method was f 0 w d  which could be used t o  deternine t h e  p a r t i a l e  sit@ 

d i e t r i b u t i o n  from*@ weight a f  eedimenk i-n %he ehmbsrs m d i t  ms *@re- 

Pare n e o e s e a v t o  dmePop oneo mia involveda Lhorou* s$udyoP the *@om 
o f  sedimmta$fon o f  =$form disp@~@ion8~ In  %he f811ming eectionl a@ 

1 2 0  Behavior ofpa&i~1@1 ~e'e;%Pfm -- f r ~ m a m l f o d y d i s p @ r ~ @ d  suspen- 

eioa--Pigo 5 shows a sedimen%at%on tube oon.%aining a suspsmsioa of' pa rk i -  - 
clee  a l l  sf %he erne aektling rate, 

Fig. 5 (a) ehms "se partioles a i f o m 1 y  df ~pereed just a8 they begin 

to set$le i n  water, Stncde a l l  %As partiele8 will e e t t l e  a t  the sme  

oels~ity, ths wii%sm a p a ~ i n g  ahom will bo mintaiaaed m d  %he oon~m%ra-  

t ion a$ some poink,auahas  a t  the BD-cmb d e p ~ ,  will r-in eon~$m$ ba- 

oauee par t i e lee  difeh have pegeed t h i a  point  d 1 P b s  aonl;inually replaogd 

by %hose f ~ ~ m  &b0860 EOWWBW%~ &BB %.he p ~ d f ~ L 8 8  had t ime $0 falb 

40 amoo 8 s  ~ h m  fri pigo 5 (b) ,  %he conasntration above that pain% dl1 

bsaome zero, mc% t he  water xi1.l besome clear, %s amber of? pad ic l e lp  

&feh have 8~Lt28d  OUL of  t$-se ~ u ~ p e n s i ~ n  will j u s t  equal the nmber mat 

were 4.n suspension ab0vp.e %he 40-emo mrk at %he bagiming of a e  t h e  

periodo War%hem@%.s, the  partielee will ee%tle  out of *e a~uepearafon at. 



Pig. 6 - Unifsm part%c%es i n  suspension, 

In order $0 study %ha behavior o f  a sye%em of part icles  8tarling 
P 

with a u n i f o d y  dispersed sumapernsisn, Fig, 6 laws been prepared using 

particles of three differen% dime%ers sush %hat t h e  se t t l ing  ve l so f t i e s  

are 4v, 28 md v, respectisctsly, Fig, 6 (a) shows a u n i f s m  dieparaion at 

time To just aa tho p a r t i c l e s  begin t o  settle, 

lEf$he largest particles, wi& dimetsr dl, settled 40 smetbn%frne T, - 
% h a  the nedium-sized parliclea, d i m t e r  d2, would have settled 20 em, 

m d  the smlleot pwtis%es, dg, fQ me In time %, then, the  particles - 
would have armgsd ~ w e b v e s  as ahsom in Fig ,  6 (b), During t h i e  time 

the ~ s n a m t r a t i o n e t  *he M - ~ m r  poiat would remain eant;dL&%t beaauseportf- 

oPea pcbaebg %hat psibHa%ar@ being co~tiaually roplsaced by thoaefrerr-nbsug, 

%is hlEu@$ro%ea *e f a c t  %ha% the  oanesntration at any point in-the suai- 

pas ion  ira oonss%mt %aa%%1 tho eoarhsest partfclo preesnt has had time to 



Fig, 6 - A Sys%sm o f  m r t i c l e s  i n  mspearrs%on 

fall from %he gurfaee o f  %he mspeneion%o %he point  in queetion, A% the 

10%em, depth, %herefore, %he rake of deposition rill be oonstmt m%%1 

t b d  2,ST whenkhe partiebee would be in ?be poaition @hornin Fig, 6 (a), 

A% $he $netan% %he last dl ps&iole reaahes %he lQ&cmo dep* *e 

Lo%al @ r o f p a & i s l e e  pass ix  thfs pglin% wedia%@ly b80oae 1881 

but the %o%al nwbsr of size d2 p a r t i c l e s  md m l l e r  passing %hi@ poia% 

ail1 oontiaue conatme mtil the irs%a%mt %hat last d2 pwticle haas 

reached the 160-~m, depm, Pigo 6 (d l  &%ggpws the condition of *@ gu~pe- 

d o n  8% %his in@%-%, Deposition will nm ooatinuca a% a eons-% 'Brar$ 



muoh el-s rake  &%I t i a e  lCE whenthe l a s t  dg p a r % i c l e  ha@ reabohed the  

180-om. depth. 

The behavior of' t h e  p a r t i c l e s  e h m  inn Mge 6 oan be conveniern$ly 

s h m  on a  gmpb. Are t a s r fnga t  h e i l f t i e r  were amilabbs  for p r i a d i s r a l l y  

weighing &he m a w  o f  redimecat depos i ted  on %he b o H m  sf t h e  tube, a 

graph I i h  %hat 8 h m  i n  Hg, "isgould b oonetruofed, BegimBng a t  t e ro  

Fig, 7 - Rate 06 Sediment Depse%%ion 

time, To, depos i t ion  proceeds a t  a o m p r a t i v e 1 y  f a s t  and aons tan t  r a t e  

until t ime 2,5T, when a11 of t h e  dl  p r t i o l e s ,  plus sme d 2  and dg par- 

LioPer, w i l l  have r@&tled  out  sf t h e  suepension. Sinee t h e  o rd ina t e  o f  

t h e  poin& A II Lhe weight o f  redimsnt *ioh hae oe$t l sd  an t h e  bottom 

and i t s  abse i r sa  i e  t;he %iae, t h e  @%lop of the l i n e  08 r ep re sen t s  the 

r a t e  a t  whieh t h e  redimen% m@ depos i t ing  frssa time To t o  t ime 2,$T. A 

l m r  but- rlro conrltalat mte of d~g08 iL i0n  indl icak~d by t h e  l i n e  AB then  



continues u n t i l  time ST when a l l  sf t h e  dg  p r t i o b e r ,  plur r m e  s d d i -  

Cional d g  p a s t i e l e e ,  d l l  have s e t t l e d  out ,  The graph thessa aet@umeed the 

f l a t t e s t  s lope  BC which i n d i o ~ t b l  t h e  %me@% r a t e  aP deposi%ion u n t i l  

a l l  of th d3 pa r t io les  have r e t t l s d  out  i n  $;%a@ 10T, 

The slope o f  each of t he  thsse Binss i o  a measure of  %he mte o f  

depss i t i o n  during tka  respea t ive  t ime in%ermls, ?he p a r t i a l i s  whPoh 

a r e  e e t t l i n g  dur ing  any one of t h e s e  three p e r i o d s  as8 thoee equal %a o r  

@mailer than  $he edit8 which sill hll frm the  eurfiee %s t h e  ba$tom mf 

t h e  tube  i n  the time @lapeed t o  t h e  end of t h e  pe r id ,  

13.  0d;n Lhsory of sedimsnkatlon @y.tsma--Tn 1915 Dr. Sven 0d:n (5) 

published h i s  f i r s t  as%%cle on the findarndnbl t heo ry  of m b f o m w  disperesa 

sedimenting eystems,had~-dg d i r s o t  appliea%iontgs t h e  s i t e  analyeie o f  sag- 

pendsd sediments, It w s  t he  filrrt r o u d  mthematieal approach eo'1eng t h  

d i f f i a u l t  pssblsm of  redueing aoomu%a%ive @@d%msatation da%a t o  d i r e o t  

%tEze f r ac t i on8 ,  $n co l l abo ra t ion  d t h  M s h s r ,  men (6)  p u b l i ~ h e d  a gcss?esr- 

a%izatd.on of h i s  t h e o r y  i n  1923 which inc luded  several methodsof obtain-  

ing t h e  s ize  frequsnay or ~ i e e  anaPy8ir of  s o i l 8  and suspeded sedimemks 

by i n d i r e s t  methods, Ia %92S 0d4n ( 7 )  s 

We part ie lee  i n  8 un%fom J f s p r g i o a  a e t L l s ,  t h e  density and hydre- 

s%e%$io pressure a t  any p o i n t  i n  the  suspsnelon d e a r ~ a s e  with %%me, ~ d & n  

ekarred $hat his t heo ry  eouldbe applied i n  k a  mys, ms oondt t ion  of  t h e  

suspension oould be d e t e m i n s d ,  wi th  rsspeo% t o  e i t h e r  d e n s i t y  ss h@rs-  

s k a t i o  pressure  a t  m r i o u s  po i a t e  %hrou&su& %be depth o f t h e  vssgel a t  

some ga&icu la s  inekaxt of  t ime, o r  a t  a single poin t  a t  m r i o u s  times, 

I n  o the r  wards, the d e n s i t y  o r  preraeuse s o u  be studied a t  ~ ~ O U I  ds@hr 



Section 13 35 

at a fixed time or at a fixed depth with Lime as $he variable, If the 

vessel containing the etuspension were divided inks %en sections, f o r  in- 

stance, either %he hydroskatie pressure o r  the density could be measured 

simlkan%esusly a% each section, This, then, would be detemining the 

situation at a fixed t i m e  wi$h depth as $he variable, I f  &he pressure o r  

density were, measured a t  one o f  ~ e s e  sections at a nmber of different 

times, %hie would be a study with a fixed diskace and variab1e % h e B  

The ~ d h n  m t h m k i  eal approach resulted in equations for the ordhate 

of %he frequency finotiose h i n g  $0 the difficult mathemtic8 involved, 

homvsr,mao one has mdca %% a practiceto obtain the frequency finetion by 

substituting directly into these formlaso A simpler graphical so lu t ion  

$8 ~ 8 8 d  nore generally, 

As a practical applbation o f  his theop-y, Odbn esnsstructed hi$ con- 

tinusus sedimentation balmee, the essential feakurss of hi& are shorn 

in Fig. 8, At varioue %ime internal8 %he accmulative weight ofthe sedi- 

I 1 

FigB 8 - Original 0den Sedimentation Balance 



men% falling on the pan i a  detenined. An @~dAa" cum@ La than plot%sd 

w i *  time as the absoispaa a ~ d  aoamla t i ve  m i g l ~ t  as %he ordimee. FigQ 

9 shows t h i s  type of cume by means of &ich t h e  grading of the mterial 

 an be obtained, as will be eqla ined h. the  following paragraphe. 

TIME 

Fhga 9 - ~ & n  Cume 

1-4, Graphl0&1 maly818 o f  t h e  ~ d d n  cum@--9uooe8tsivcs p w t i c l e s  in 

m ordinary suspended sediment a m p l e  differ from eaah other h I$%@ by 

ibnfini%eeim$s. The graph showiatsg t h e  rate of depositio~ of a 8(3dhe~% 

% v % 1 1  therefore be a smooth cum@ c o q o s e d  of straight line8 of inf fn i t e s iml  

lengthae e h ~ m  i n  Pig,  9 instead o f a  asriea of ~ % r a i & t  l h e s  l i k e  %hose 

s h ~ m  i n  Figo '8). The rate at &ich partiales are a d % % l i q  oa %e bot toa  

a$ my time is t he  s lope  o f  t h e  id$ni$eaima%1 sbraight line ia  the cum@ 

at that %inme o r  the  tangen% t o  the oume a% Wat polate p e I 0 1 e ~  



~ ~ c t i o t ~  14 sa 

that are ~lettliq at my inastmt T are of a g i ~ e  d equal to, or  smller - - 
than, those wrkioh rill settle &e @&ire depa of the veeselbinthe total 

elapsed t h e  repreae~td b y a e  oorre)spoMhg absoia6eao ~ U B  the slope o f  

the Lmgexnt CA k the eume of Fig, 9 gives the rate at which prtioles 

are settling on the bot$oa,sf ~ i a e e a  equal to or smller d, the psiaze - 
*%ah will rettle from the autfao8 o f ~ b m L e r  in the tub@ to ths bottom 

in %he tim T reprerented by *e obeofssa OTo - 
Binee the slope of line CA repreemte the rate sf deposit ion of a e  

pa&iclepa of size d or smller a t  the time T m d  sin~e,as has be= prsvh - - 
ously shorn, %he rate of depoeitfsn of particles o f  these sizes on the 

Boktonra is m i f o m  up%o the ti- T,*enthe pwtfcles of diameter d which - - 
star% a% the sarrfaae reaoh the bottom,%he slop@ of a8 $mgeat CA repre- 

sents afsof;he ~ a % e  of deposi%ion of pap%iolesof sfges d d m%ler dur- 
w 

ing the *ole p e r i o d  T, represented by the abacissa OTo dinoe %he slope - 
of %he line CA represents tihe rate sf depsef%is>nmd %he timeof dqositisab 

ie BA = O T , a e  weight depositadof efaes d me2 smller f i r t h e  time repre- - 
sesntsd by BAS is equal to the weigh* given by t h e  dis%moe CBo Since CB 

repre~ents Lhe weightof sedarneaat 08 siae~l dand sm%ler *at have settled - 
oa %he bottom in $$me 'dl, m d  OB fa %e $o%al we%&%  at has settled in - 
$fais time,~emight of particles lgargerthmd as, &Pch have eet%%ed,ierthe 

difference bebsemn Of3 m d  C B D o r  OCo %%race a l l  the mterial of @ice d ha8 - 
reached tihas bottom in the T, m d  all. of the larger eizeshave afeo reached - 
the bottom,the m o m t  OC represents the wei&t of sediment $aa the mtire 

s~learifi sizes greater thm do To find t h e  weigh% of %he s q l e  ooqoaed - 
sf particles larger thm any desired sizeit is,*srefors, neceascbgqgp only 

to f i d  %he time required f o r  a pa r t i c l e  sf t h a t  a f z e  to fa%$ the mtir8 



'd 

dspthof the sessel,aaad draw a tangenttothe Odsn ourveertthe point; whose 

ordinate segsosents this timeB The distanse oorresgsradfng to OCinFige 9 

will represent the desired quantity* 

This explanation of the graphical solution h s  been simplified a- 

much as possible. 0d6n (5, 6, 7) gives bo$h a ana-thematioal and geometric 

proof of the meaning ofthe tangent interoepts and Dumbein and Pettijohn 

(4) give m excellent, easily unders tood mathemtiaal proof. 



Vo D m L O P B N T  OF BOTTOM VlPTmMlVAL WBE Am 
m"$HOD OF AMLY%IHG ITS M a T S  

15, Method of opera t ingme ohmberead %ube--8iaaoe i n t r s d u c t i o n o f  the - 
sediment at t he  top o f  the sedimen%ation h b e  proved wsa t i s f acko ry  f o r  

armalyzing fine a t e r i a l  and t h e  mifom d i e t r i b u t i o n  raekhod was $0 be in- 

vestigated, cons idera t ion  was given %s which of %he two ayseems nentioned 

i n  Section I3 could be used, variable d i s t m c e  with f ixed  time, o r  fixed 

d i a t m c e  and v a r i a b l e  $imeo Wi%h %he shmbsred tuba $he firs$ method wae 

physical ly  possible, but * e  method was suitable far only a limiked r a g e  

sf sizes and the  procedure o f  malysis by t k s  0d&n G U ~ B  wad d i f f i ~ u l t ~  

The only method h % c h  could Be f o m d f o r m i f o m l y  diepersing coarse sedi- 

ment i n  a h b e  wasto  % ~ v e r t  tube a number of  times a t  f s e ~ s n t  inksre 
1 

va%s, rapid reversal  oould not  be done ~onveaien%ly with a tube mch 

longer t h m  100  mo Since the %ime f o r  a boo-mo pa&icls t o  fall $he 

ban&h of t h i s  tube m s  only about 6 s e ~ , , m d  sinoe this i a  about as soon 

as t h e  fir8-k emp%e could sonven ien t ly  be ou% o f f ,  a tube meh leas $hm 

1,Q me long oould no$ be used, Ki%h a tube log% m, long, i n  order  t o  de- 

t e ~ n e  the portioaa aver 1,0 mo d i m e t s r ,  if t h e  varfab$e dis tmoe-f ixad 

$%me msthod was used, $$ would be ~ @ G @ ~ s B P " % ~  t o  close aZP the s l i d e s  

tmeous ly  kb% about 6 seeo If 811 were 0lo88d a% this $ h e ,  par%ioles  of 

Qo'$25 md, or sml%er would be unifomly dispersed %hrsughout t h e  lower 90 

per cent of t he  length oP the  tubeo If ten equal ehmbere were used, t he  

largest par t ic le  found in %he upper ekmber would therefore bs 0.126 me 

md ainoe a l l  smller p a d i c l e s  would be u i f o m l y  dispersed  throu&ou% 

the r m i n d e r  of the $ube only a i e s e  be*een l o O  and 00125 mo could be 

detemined fromtheweight  of =%@rial deposited inthe n i n e o a e r  ohmbearso 



In other rrsrds, m c h  an operation mu%d give s meehmioal mdyssis oume 

@&ending a d y  betmen a e  1.0 d 0,126 me s i z s ~ ,  B e  m$er ooataining 

only particlea mller than 8.004 me would be oonlainaed in the upper 

8,808 en. of the tube. "PPerefare, to o b h i n  the proportion af *e % o h 1  

garkfeles ssmller thanm %his ssiee, it muad be neoeaarsbry $0 have a &mber 

closing off the upper 8,008 em, of the tube, mig would be @raotioabqk@ 

fron a mechmioal s$mdpsfra$ m d  %he mug$ of golids oonhined %a, so 

smll a ohmbsr muld be conduoive $0 inaoouracy in wtsai&ingb, The me.t;knod 

of measuring the v~%ria$ior% o f  ooascentration over r variable distmoe rt a 

fixed time uaing t h i s  tube, ~erefsre, did mt appear feaebble, shnoe it 

provided for too l $ d $ e d  a rmge of particle sizesQ 

The chambered tube, kowmer, does not p e d t  %he use o f r f i x d  dis- 

$ m e @  0% gte$%$menk wf* a mriable tine, 8ince %he aloslbng of the $owe@$ 

ohmber chmges the distmoe sf settlment for %he partielea r-%dq La 

suspension, For exqle, in a 10GomQ tube s f  tern%, e*d okmbsrs, %he 

fall dis tmce  f o r  the fraction in the loma% c h d e r  muPd be 90 am,, for 

the fmetioaa i n  +he next chmber (30 em, m d  eerrsspa&iasgly la88 for 8ub- 

sequen* Praotiona, The mAn aume oodd no%, therefore, be uered dQ9rrsul 

modification, Akbs ail% be di~~3orib& later, a me%hod was develop& b y ~ b o h  

%he data from*@ ohmbersd tube could be t r m e f o m d  to give %he o d b ~  

fsm of 0d;n oume for %he Pixed dipltmoe m d  mriable tb ,  

theorekisal bebsis forthe use of the o eared tube with unaifom dirtsih- 

tion mar solved, baa% there remined the praotioal diffioultg of d i w  

such a tube which muld be m%er tigh% m d  w l ~ o u t  trouble imm artiekbg 

slideso %reover, rauch a %ube would be quite eqensfve $0 conartma%, 

mrther thou@% was &erefore given $0 dweloping a swler mbe, md r 



very simple, i n e q m a i v e  fom,eaPbed a bot9;o~ withdrawal .$ubepma evolved 

&ioh seemed t o  meet the seedso 

16, Dmebopnnsnt of t he  bottom oaiaefrawal tube--me aatter of 8 iae  

of s q l e  was given wnaiderkbaale thou&% preparatory t o  the design of the 

bottom withdram1 h b e ,  I$ i s  noted f a  Report noo 1 of  th$s series %hat 

the  Straub, UoSoGoSo Coloradoo And@r@oa-Elm%ein "$@-integra$ingeFracier 

d a p r q l e r e  us@ a container of one p in t  e a p ~ ~ e i t y ~  A l s o *  t he  Ta%%- 

Bineklsy s m p l s s  obtafne &out a 40Q-ec, smp%eo 

In designflag a s q l e r  t h a t  would iacoqora$e may of t h e  bee te r  

fes tu res  o f  f omer  a q l e r e ,  %he %%me-fntegrabtiag t n e  m s  rb00mend~d in 

Regor% Iso 6, X t  oontahns a pint Battle sad wae designed t o  be Pighe 

enough to be used frsn a hand l i n e  if necessary, I t n s  s % r e d i n e d  as 

mch  ass possible in order t o  reduce domalrcsm drago The ac t i on  of  t h e  

in tegmt ing  smpber requirela that tho a q % i n g  be coq%a$ed before $ha% 

p i n t  bo t tbe ie  mkirelgr fill i n  08-dar t o  prme%r% oiroulation,  m i l e  sever- 

a l  s q l e a  my be %&en at: my one a % r e m  ~ e r t i o a l ,  %he act ion of  t he  %a- 

t egml ing  rilmpler i s  such %hat a regresentative port ion sf? t he  s t r ~ m e o n -  

oentratfon i s  obtained in each smpXe taken so t ha t  ac tua l ly  only one 

s m p l e  8s reqwfred, 

In l i n e  d t h  these  f i e l d  requfremen$s*a &.a;@ m l y s i s  apparatus was 

designed t o  malyee s q l e a  of abou% 400 cc, i n  v o l u e ,  Such a s  apparatus 

would pernit t he  dn9;nnnom mmt  of work i n  that only one ample needbe sa- 

cured and wlyased f o r  each v e r t i c a l  selected f o r  s w l f n g o  

The bottom withdraml tube consiats  of Q. %ramsparen% tube of l a rge  

dfmbo%er otlfaiah it3 open at one end and conLra@%ed a$ tihe other  t o  a 8hal-t 



section of amall  tube, on dieh is slipped a short p%eee of rubber tarbe 

h i c k  o m  be opened or oloaed with a pimch-ol~O The tube used for the 

~ t ~ d i s s  described htassin, which i~ ~lh09~gf in Pige jbOrwa8 48 %XIa longo md 

Nape : G/QSS fob& to 
be unifoPm in diomehr: 

?ubBer tubs 

Pig. 10 - Proposed Bottom Withdrawal 
Sedhentat ian Tube 

1.0 in. inside dimbter, large mough Lo hold a lpbt amPe. 1% rrsala 

dram dom a% $he lower end t o  114 in0 inside dim.ter sn nhfofa m e  

slipped a 2-in, leng* sf. rubber tube closed by a p i n c h - ~ l q ~  S%udPes 

were also mde d% a larger tube, 1-7/16 in, inside dimeesr m d  8 



in, 16mg dram d m  to the @me o u t l e t  s ize  as t h e  sther tubee 8ealse 

were placed on these tubes t o  indicate the  depth and oal fbrs t ione nsra 

mde $0 establi~h %he rela$ion bskeen  the scale reading $he volUrnes 

A detai led  dsssription of the procedureto be used i a  ~ r d s ~  %O obtain 

the best results ia malyzing mterial wiL& %hi@ &be i a  g%ven fater i n  

a i d  r q o r t o  Briefly bidtaeed 2% eansists o f  u n i l o d y  dispersing %he 

mterial in the  tube0 placing t h s  %ube Ln em upr ight  posiLlon md wi%h- 

dtadng s q l e s  of prede tedaed  voPmes Prom %he bottom of the %ube by 

tmporarily opming %he pinah-okbq, pradstsmfngsd in%emals of %fmee 

The vol-e and time forthe s q l e e  i a  eeleoted ao $hat %ha value8 deter- 

dried w%ll give plot$sd points whfohaiPP aoouratsly define em O&n oume 

for $he mteria% used, 

ma possible gouraee o f  error i n  using t h i s  apparabs were miden%( 

(a) %at gone of $ha mterial -1yesd wau%d se t t l e  on md &&ere t o  the 

~urface of*@ h b e  LEI %ha cone-sh%ped traneitfon seotfon beegeen the %o 

8iaes of %ube,md (b) $ha% %he r81ease of the s u ~ p e n ~ l o a  f r o a  the  battom 

of the tube muld a s t a p  $tarbulen% cusren%~a i n ~ e  tube h i a h  would in%er- 

fere n i e h ~ a  qufeB; ~e$$legiaen% o f a e  pa&$ePeeo leimsr o f  Lhese possible 

csbjsotions p m v @ d b b @  ~ % B F ~ Q ~ O  B@dim@%p&% do88 dep08%% 1 ~ % h 4  eon8-8haped 

nssotioa, bu% it is  praot ioaf ly  all m e h d  out by %.he rush o f  wa%er which 

oecure *en the bo$ton o f  %%xs tub@ i@ ope~sd ,  Coqarisons of  the weight 

of sol ids  in t~oduoad r i%h %ha% rso~vered From a e  tuba @hawed %at aBer 

the operator8 had aufPieie~% practiceto do aooura%s wsrsrfghbg,&@ differ= 

enoe beweenas  wet&% a f  ths e o l i d e  pat iamd that rscasered m a  aegli- 

gib$eo Smera% different cone mglss were tried m d  afaough %hers was 

little dilfwmae % b a s  apex mgle of 60" s e a 8 8  to g%v@ beat 



resulP;so mer%m@rs%s were d e  ts %nv~4stlga%e %he po1%8%b%b$ity 8q a@ 

in tmduot ion 0%) turbulence into the h b e  &en ai%hdrawing the  gusgeneia 

a t  t he  bottoac Streas  o f  oolor  wasre i n t r odnod  ink6 vatasr i n  a e  h b e  

a d  the  posi t ion of  these @$re&@ w&s aoted as m%@r m@ wibadram a% 

the bo*omo NO ehmge i n  the pos i t ion  o f  %he s t r ea s  m@ mted sxoept 

that $hey mved ve r th~a lby  in $he tube, 8howiw that no %urbulencs m@ 

! n%roduoed, 

Sine@ no h r b u l e n ~ e  is intr~dueed in  %he Lube by withdrawing n t e r  

from i t , a e t & i n g  out  of a smple fro= the botkom into a vessel bsnsoa 

the cube has exactly %e erne action ae alseing o f f  a bdttam shmbet of 

a ehmbered bbe ,  siace %he s u ~ p m ~ f o n  i n  %he bottom of &e tube i s  r e  

moved wi%houL disturbing %hat above it, Drawing eu~eesshve @-lee F m  

the bottom %herefore seaures the s m e  s w l e e  as m u l d  bs obtained by 

satocessively thmsLing i n  a l i d e s  in&@ b b s ,  begiming a t  .%he bottom, it 

each slide snaloaed a volms equal t o  %hat remved *om the bottom, aha 

o ~ e r  wads, the aotion of %he boL$om withdram1 md chmbb~ed  tubes i s  

praotioally %he same, The only differences are % h a % t h e b o t t o ~  dehdram8 

tube i s  more flexible in %hat the s ize  of  s q % e  wiadram e m  be 

at will, and %ha% w i t h  t h e  bottom withdrawal b b e  %he vkaIu@s withdram 

have t o  be meaeured each t i m e  h f l e  i n  the ehmbered tube me s w l e  haas 

the  s m e  volme as &he ~hmbcsr, *ioh o d y  ha8 t o  be msrgured onoba, 

tube--In the bottom withdrawal tube, as inn a e  ohmbe- h b @  d e n  khs - 
e h a e r s  are alssed suooeraaively,bo~the fall dirartmoe mt9 the 9;- are 

variableso In order t o  t r m s f o m  $he r e ~ d L @  %haas obbined to a f o m  
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suitable, f o r  m a l g s i s  by t he  0d& method i "es  n e c e e s a q  t o  convert them 

in to  Lhs e~l\dlva$en$s d t h  @%%her t h e  Lime o r  t he  f a l l  dfs%mee eone tmt ,  

Either of these can be done by a conception *ich eoasidera t h e  m m t s  

l e f t  i n  suspension ra ther  t h a  the  m o m %  deposited, as in t h e  s r d i m s y  

0dhn &hod, and the  average coneen$ra.tion above a point  ra$her t h m  %he 

eoncentration a t  a pain%, The following paragraphs g ive  an e q l m a % i o n  

of t h i s  conception. 

In a suspended sediment s q l e  sucoessive pa r t i c l e s  o r  sucoeasivs 

groups of pa r t i e lea  w i l l  d i f f e r  by in%"inites%mPs from each other  as t o  

s ize ,  m&hemsre ,  i f  the proper eoadftions a r e  satisfied, each pa r t i c l e  

w i l l  s e t t l e  d i n d e r e d  a t  i t s  o m  particular oons tmt  %eminaI  vebsei$y. 

Vith these  f ac t s  i n  mind it follows d i r e c t l y  that the  average dens i ty  of 

a suspension above a depth D a t  a time T w i l l  be t h e  s m e  as the average 
e - 

de~lsidty above a  depth X( D ) st a time X( T ). A s i q l e  d i a g r m w f l l  be 

used t o  Pllustrake t h i s  psin%. 

As in the  sage sf Pig. 6, Fig, ll shows the  behavior of th ree  

diQferen%ly-sizer% p a r t i c l e  groups s e t t l i n g  from a u n i f o d y  dispersed 

suspension, The p a r t i c l e  d i m e t e r s  a r e  mch t h a t  t h e  f a l l  ve loci%ies  

wsubd have the  following re la t ion8 v$ = 2vZ = 4vS8 
I f t h e  pa r t i c l e s  dl a r e  of  s u ~ h  size a s t o  fabb 40 cmein t ime  T, then - 

t h e  p a e i c l e s  d2 w i l l  P a l l  20 em, a d t h e  pa r t i c l e s  da9 10 erne i n  t h e  erne 

time, ars $horn in Fig. 11 (b)* In t i n e  2T each p a r t i c l e  will, have f a l l e n  

twice a% f a r  as i$ did i n  time T and they would havearranged %hemacsbves 
a 

as shorn in Figs 1% (c) ,  

The tube beingof u n i f o m  d i m e t e r ,  t he  voIme above %he 80-em, l eve l  

58 jus t  =bwfoe %ha% the 40-em, $eve%, 1% w i b l  be noticed $hat the  
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nmber of par t ie lea of each a i z s  i n  suspelraeion above $he 80-eme level in 

Pig, II (o) at t h e  2T is aleo Just b i o a  %he nmbera of eaah e i c e  2n 

guspsnaion above %he 40-om, 1weI in Fig, 11 (b) a% t h e  T, merefom - 
%he denrsriky above 40 o a , h t i r n e  T i e  %ha 8-8 dmsiky abo~e erne - 
in $ h e  2T, OP h o a e r  word8 the average den~ity rboveade]p& D a$ t b  - 
'$ i a  the @ m e  a8 %he avemge density above a dep* XQ D ) at %b X( T I e  - 

% i e  msma %kt %F$he weS&t sf %he padiolela 8.boveas 4%em.lm@l 

were d e t e ~ n d  a$ -$;be T md d e s i p t e d  ae vl, %h@n a e  as%@% of a s  - 
p a f l i c l e ~  above me W-omo level a% "r;e 2T by ooquta%ion i k ,  squl t o  

~ 1 4 0  t h e 8  a1 o r  hl, mowing %e average deneity above q poiant a% my 

time,it PB po8aib1@$0 oopu%e ei%br&d t h e  at wh%ohP;%%d average dmeity 

above my a a g r  ~ o m p o h $ w o % g l d  reach t h i s  mlue,sr*e posi t ion of %e 

gofan% above h i o h a a  average dmsi* m u l d  bethe em63 at my other hm 



Fige 12 - %%ton dkhdmwal  
rsdbea%a%Psn tubes md @%=do 

18, Basic data cePbaoLed i n  be$tow 

withdrawal tubs--$a SPlus%ra%e $he 

collection sf t h e  basic data f r o m  

-the bottom withdram% tube, %he fax -  

1mBng f l%us tmt%on  is g i w n  20s a 

Lube using a hef&L of o o l  

hsuspeneforh sf BOO ami. The s q l e  

was u i f o d y  dispersed m d t h s  tube 

ss% vert ical ly in a rack, ~3.8 shown 

fa Fig, 12, The %i re% fr&etfon waa 

wi%dr&cbm at %he time wh,,en the 

o o a ~ s e a t  par$fsls deaf red would have 

5& $ h e  t o  fill 90 emo frm ~e top  

of the  %ube, h the  oaea of  8 P o O  

m, par%iaS,e, %he first wi.$hdra$~al 

%vouPd be at 6 S ~ G O  (in w%%sr a% 

Z O ~ C ~ )  and f o r  a OoS-mo pastfcls, 

12 sea, ff t he  f i n e s t  Praotfsn de- 

sired were 0,0039 moD t h ~ a  it would 

require about 2 hrso  f o r  it ta set-  

tle PO omo Having s e t  the t h e  f o r  

wf%hdrawing the ooasseet  m d  Pfneet 

fractions, Lhs inkemanfng %%.me 1 ~ -  

temabe were &osen in guoh a way 

stl to aaourately deSbae W&B 



The tmperateare of &e suspas ion  wag a s r m d  t o  bs o m e l m % ,  T m  g q l e e  

were withdram md %he weight of 88dhent ia each dete 

The data f o r  an aetwl  %@st, *ieh are tnionl s f  %he reeults o b  

%s data &ow %h& t h e  S i r e %  fraction ms withdrama% 8 rrpa%ne leaving 

an obeemed o o l m  of suspension 9003 ornoinheight, Cel 3 tbm reobrd~ 

a total fa19 of' 9003 om, fo r  %he f i r a t  Pras%ioap 80 ono for the geeond 

fraction, e ta ,  Cslm 4 give8 %he weight of' the sedhent; f s m d  in @a& 

fr&a%ion m d  C ~ l m  5,$hecwulak%on 0%" the value8 i n  Co$;tnan 4, beg%=% 



5 then repregen%@ the t o b l  we%&% of sedia@n% 

r~ostainning LEI %he tube a% hdfeated tobP ehpggsd %be,  *%oh i~ also 

the w m %  whioh muld have s-hed 3.a su&psnsian above the bdfa@%ed 

d s p a  had the $"lraot%one not be@a ~ i a d ~ a n o  

W i a  t h i a  baeio data it is poseible,byappl@g apgropriaee factors, 

to o b b i n  o o o d h a t e e  f o r  %we typsa o f  ~ & a  aumest oonatm% t i n e  wi% 

depkh as me mriable m d  cone-% d e p a  wf%h $ h e  as the variableo 

19, Rduetion of b a ~ f o  data t o  oons%mt L k @  w i t h  d e p a  a8 the 

variable--me solution would be $0 redxioe a11 data do a osnstmt t b 8  sf 

8 a. me firs% fsae$%on, withdram at 8 mino, would them a tmd  p a  i e ,  

m e  B ~ O O D ~  f r ~ h ~ t i o n ,  a t h d r a m  at 24 min,, has 000847 o f  ~aaedirnent 

t f sn  o f  data obkazbined %hat at 24 mine 

*ere -re 0,@19 po o f  sediment in auepeneion &bevs -$;ha @-omo deptho 

Ef Wie  were the ~ondi%ion a% 24 mb,, thea at 8 &, %hers would have 

be= 8/24 x 0,4019 or  Qo1340 po suspension above a dep$h s f  8/24 x 80 

or 2G0'7 a, Ih r e w l a r  m y  my and &%I Pra~Lions  e m  be rsduaed t o  a e  

gi$m%ioaa &ti 8 &o o r  any othba" s e t t % h g  t h e  desfr8do b %;es%s 

an a%%-% =B mde t o  withdraw ken eqwP-volwe fra~aa%;$one, && fmction 

would %hen lmer %he mkes o s b w  BO orno It ms f o d  $hat r raristioa 

02 a8 m ~ h  a8 0 ,6  em, h 10 om, did not  m%@rially affeot the r e e u l t ~ ,  

10-a, d e p ~ ,  a d  the glags tubs was aeamed to have a u i f ~ m  d h e t e r  

tihrm&ou% it@ entire l e q a o  ms ooqbeted oaquta%iom f o r  Test Roo 32 

are @%am la %he $@Il~($wfeg %abu%&%%sno 
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me value8 C o l m  8 are p l o e e d  a8 ordimtea sgahst  thore 5x1 

Calm 9 ae  abscissas, to o b t a b t h e  ourve sham 3x1 Pigo 1% mie eume 

fs too f la t  t o  draw t q s n t a  aoouratelp a$ all af %%re dseired poime%-$@ md, 

fi&hemo~wep %he points are not spaced sa aa t o  define a e  cum@ acowatblp 

The tmgent interaepts are m% obtahed aaa amlap aar $ss. me ~ & n  mme 

shorn 3a Figo 9. A gmphioal eo%u$fon m s  dmeloped $?or %is memod sf 

m1p$$g bu% it is moh more ooqPioa%ed 

em($. s b a e  it appears %Q have l i t t l e  use, d b l  80% be ba1uded hereo 

82 abb the g i s s  -1ysls =@*ode sbdfed i n  Beport IOU 4, only OD@, 



Fig0 13 - 0d;n Gume 

Cons%-$ Time, Variabl s Depth 

t h e  Cole and Edlefsen fracgionaal eedimen$ation tube, obta ins  the  grading 

by measuring%hs dens i ty  a t  some i n s $ m t o f t i m e  wi th  depth adathe variable, 

EYidentlg the  knms d i f f i c u l t i e s  w i t h  t h i s  mathod in  obtaining t he  grading 

of  so i l ,  as dessribrjd in  &he above paragraph, have $ e m  s n c o w t e r e d  by 

okher %nvestiga$oss 

20, Reduction of basic data t o  

variable--To reduce %he da-f;a %o t he  r e s u l t s  which would occur using P 

c s n s t m t  d i s t m c e  and mrhabls  t i m e ,  the  problem is approaqhed in a sirni- 

far manner, %&ing the  basic data of Test Noo 32 a depth o f  PO0 cm, ie 

usled, A t  24 min, $;here were 0,4019 p, of sedfiflent fw susponsioaabove %he 



seoond frac%ion,orabove t he  BGern. dep*, m e  time at *ich %he average 

densi ty  above t he  100-cm, depP;Ba would be t h e  s m e  above $he 80-on. depth 

a$ 24 mine is ($00/80)(24) o r  30 mine a d  t he  weight of sedimenk above 100 

cm, r a t  30 mine would be (lb00/80) (0,4019) o r  0,5024 @ao In like 

the a ther  readings way be referred t o  %he o o n s l m t  d e p ~  of 100 em, '%$a@ 

completed osaputat$ons% a r e  shorn i n  the  fol lowing tabula t ion,  

The method o f  computing Co3, s 5, 6, "g a d  9 i s  indicated in the 

column hecadings and i s  self-sxplma%sryo Pig, $4 i s  the 0den cum@ Per 

Test No, 32, p l o t t e d  f rom t he  values i n  Col s 8 m d  9 i n  t h e  t ab le ,  



Section 20 - 5 3 

TIME 1N MIFUTLJ 

FIG 14 .- QOEN CURVE 

CONSTANT DEPTH, VARIABLE TI ME 



Ths rmge sf % b e  ~ o v s r s d  i s  sa great f a r  %&s sice of  gaper us& %ha% %he 

\,par par t  s f  *s aume Bsae been replo%%ad ?a an edarged @ o d e s  ' %@ 

X.a =other study %he ~ & n  oume was gf oadtedon e@d-logar5 

in *ioh ease the  %-gent intsrsept,  h s t e a d  of beiw a rlrai&t l h e ,  mr 

sumed. A f d l y  o f  oumed Lwgeaat inLereep$ l i ne@ m8 dram on. L F ~ I -  

paren% gaper m d  uaed aejn h e q l a t e e  ko Isoa%e g o i ~ t e  o f  %-geneye h y  

advmtages s f  t h i s  method were offset by %he fact that vduea had %o be 

f n t s ~ o l a t d  betmen %ha lines o f  Lhe %eap2a%e m d  baaauae me grading o f  

$he esarssr particles was not so oleeray &@fin& due t o  %here b e b g  

B s f i n i L e  point  of or ig in  on 8 e ~ i - l s g a s i W i c  paper, 

VariaLiona 5m L e q e r a b r ~  h v e  a decided effeot upm $he %@%%ling 

velooi ty  0% s o i l  p a d i a l e a ,  Table I has been prepmed t o  8,- a s  b ; b  

required f o r  different eiasd partioles t o  fall 100 ome&% vary* %-era- 

* euras. X t  i s  used t o  loeaLe paints  of  t m g e n ~ y  on the M& ournee T@B% 

32 m s  run a* s t @ ~ @ r a % u r e  of 26" C,  Table 1 shows %ha% a p h i a l s  

Oe0056 m. i n  d imetes  would r g q u f r ~  534 mino t o  fall 100 ame at 26" @, 

Thie is Paaated on .$;he 0dAn sum@ m d  a tmgm% dram t ha t  poiate 

in tercept  on the ordinate =is shows .$hat 66,9 per  oent of the ~ q l e  3,s 

f i ne r  %hm 0.8056 ma, B f d f  ar  valuee ombs obtaiaed fo r  any e i s s  pa r t i o l e  

deafr~d beween the iadioatsd limits, 

Fig, 15  shows t h e  C ~ U ~ B ~ ~ V B  grading o w e  fo r  Test No, 32, 

In %he appendix %s t h i s  repor* w i 1 1  be f s w d  detailed deecrfptisn 

0 2 t h ~  laboratory testing procedure deve%gspedas a 8 ; "8~~1% ofthis imaskiga- 

t i on  m d  a recornended test procedure and data sheet for routine size 

analysis and t o t a l  @snoentrat isn t e s t s ,  



Section 28 - 65 



PARTICLE DBAMETER IN MM. 

S~rrae work ms done using a bottom w%"i;hdaml t ube  o f  only 50 eme 

height  and hcaldirlg about  500 oe of aaspensiepn and alLhoug1~ %he results 

mrs sot oomalusivs they ind ica t ed  %ha% this l eng th  o f  kubs san ba used 

f o r  suspensions hawing partielss 0.2% nrn, i n  d$me%or o r  smaller, 



tbIe m5mT8 OF TESTS WIm BOTTOM WITmUW TmE 

21, --In o rde r t o  evaluate tee% results 

obkabcod wi* %h@ bo*m d e h d r a d  *be, o o q a r i ~ s n  d% @om@ a~e8pted 

meaod of obtaining %he eorrsgat s i z e  grading WIB oonsabderd neoessaqs 

For par.t;iolee 1/16 me in dimetsr a d  f%ner, $he p i p e t t e  me%hod of site 

maPyc~is is soae iderd  by %o be %he ~ 0 8 %  assusa&e m~$hod mdb there- 

fore, it m s  ~ e l e o t a d  for @@dimeat8 i n  %hi& e i t e  rmge, For gartiole8 

eaarssr 1/16 meB %he grading adopted asr a ~ t m d w d  r n ~  obtsfned by 

intrsduoing a e  s q l e  at the $op o f  %he bottom ni%hdrawal tube wf%h a 

double Gene dmioe  ePaatiPar t o  the mri e i l t o m t s r  (4 )  w d  drawing o f f  

Praotione from tihe bot tm of$" tube, aa t h i s  appeared t o  be %he best 

used d g h t  be% a faotsr i n  the3 s i z e  m a l y ~ i 8  obtained by mems of the 
* 

pipette wdysia,*ich was taken as a stadard, ae w e l l  as i n  %he mabyaia 

obtain& by other methods, a ~%udy was made of the effeat of %he sonoen- 

%rat%ona of the auapenaion used on the s ize  malysia read%@, The results 

of * % e  shdy sere no% aonslusive, but  it is believed $ha$ a sufficient 

prsgsm was carried out $0 indieats%hepraot%oability of  the  bottom wi$h- 

2 Z e  The effect sf concentration on r e e u l t ~  o f  p i p e t t e  aabyeis--In 

odasr to d s t e d n e  the effsot  of ooncen%ration on tihe malysia reeoal%s, 

%me1 of m t e r i ~ b  were tested, We first of *ioh m8 a clay oomposed 

of gartic1es 1/16 m, in dimeter or amllar a d  tihe aeoond a e i l t y  lorn 

aikh a e i e e  fangs up %s 100 mao In ~ P y e i n g  the clay, s q l e s  were take= 



from a msLer s m p l e  w i t h  ns a$%k-3mpL a t  s p l i t t i n g e  The m t e r i a P  being 

v e r y  fine-grained, $ i t t % s  o r  m segregat ion was m t i c i p a t e d ,  

Several t e s t s  %ere run a t  various concentrat ions ranging frm 100 

pepern, %o 10Q,000 pepom, 7 % ~  average grading from t h e  tesl;s run. at each 

conoentration m8 then obtained, m e a e  average grading8 f o r  %he various 
I 

soncsn$rations ware then rsferred $0 the average grading a t  10,0W pepe%. 

B e  method sf rsfsrencing is shosax fn  Table 2 f o r  some of  t h e  eoncentre- 

Lions used, 

DWPATION FROM TEE AVEMGE SIZE  G W I M G  FOR l0,oOO P,P,U, 
PIPETTE ANALYSIS OF G U Y  

1 1 B s s  Cent Finer  Than Given S i z e  m d  Deviation From SLmdard 1 

T h i s  dev ia t ion  i n  o m l a t i v e  per  cent f iner  from the size grading a t  

10,000 pepom, f o r  t h e  various con~en$sat ions  used i s  p l o t t e d  on t h e  graph 



From Pigo 16 it%@ miden t  %hat %he gmding obtained using oonoentra- 

t ions  sf b08 md 1,WO pap .me a r e  too e r r a t i ~  tx be of value, Al$$%ou@ 

t h e  resu l t s  a t  2,000 pepem, coware  qu i t e  well, %he individual  t e ~ L 8  ueed 

t o  obtain t h i s  average grading erav s o  g r e ~ t h y  tltrata lower P i d t  0%" about 

3,080 popeme is indfoated, below which consis tent  r e su l t@ rere not ob- 

%abed d ) 6 h  %kg gipett8a 

The grading obtained from .$he e m p l e ~  W e n  Pram %he mater 

s m p l e  beeme fibnk~r 8s the  concea$m%ion -8 inoreased @o %hat rn upper 

libt of' abou$ 10,WO peporno was f d i e a t e d  a s  the oonog%n%mtion 

slL h i o h  an ~ I Y B L ~ B  ahouEd be mde, 

Another e o q u t a t i o n  was m d e  f o r  thee, purpose of  shodmg a e  ~ a t u a l  

grading t h a t  muEd be obtained if*@ clay m t e r i a l  i~ malyced at di f fe r -  

ent  consentsa%isnso Using t he  grading at 10,OW ~ O ~ O X R D  at3 a o r r e ~ t ~  t he  

cumulative per cent f i n e r  f o r  t h e  various f ract ions  obtained from anal- 

yses pus at; other  concentrat;ions were shorn as  a per  cent of %he correct  

grading, That; i s  t o  say, if the  c w l a t i v e  per cent f i n e r  thm t h e  

0,6639-mo p a r t i c l e  were 5f,4 a t  lO,080 goporn,, them tho value sf 54,O 

obtained f o r  t h i s  s ize  ar%; 20,000 p ~p omo muld be 105,Q per oenk of $he 

correct  grading, These persentages were then plot ted m d  snoo%h 0e\me)8 

drawn $0 correct  f o r  my individual deviations from t h e  general trend,  

Values were taken from these $moth curves and reconverted i n to  the  indi- 

eebked grading i n  o m l a t i v e  per  sent f iner  rand plot ted on Fig. 17, 

A s  shown on Fig,  17, fo r  t h i s  par t i cu la r  cPay the  t e s t s  indicate 

t h a t  consistent  ressu'btscarabe oblainedwith the  pipettewhen concentration8 

between 3,000 and $O,QOO g ~p ~ r m ,  care used but t h a t  daen higher eonosntm- 
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Fig ,  17 - PipeL%e h a l y s i s  of  a Clay 

A c t u a l  Grading a t  V a ~ i o u s  Coaoentsa%ions 

$ions rears empFd.sy& an i n o ~ * e ~ s i n g b y  f i n e r  grading is i nd ica ted*  

The o"&her type of mtsrial t e s t e d  was a s i l t y  l o r n  whi~h graded from 

%*6 me b. dimeter d o n  ts olay pas-t;ioles. Smples  were taken from a 

work ms done on the silky $ o m  mtsrinl w i t % %  the pipe%%@, several tests 

were run a% POIhbOO and 2 Q , W  peperne The s m e  trend was noted as %a the 

ease of 010y makerialo $Re grad$ng a% 20,WCa p e p a a % ,  being from 1.7 to 4.9 
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per  cent finer mm t h e  grading a t  PO,BOO pepem. 

% ~ b 8  -lysi~--gXlty 8mple8 were taken from the  m s t e r  a q l e  from *fah 
-* ---.- * -* - 
p f p e t t e  s q l s s  wera sun m d  average grading8 sb%afned fo r  t e a t 8  a t  

heighL m d  a eapasbty of about 500 ace %he weight of mtsria% requf.red t o  

I n  order ta insure t h a t  t h s  small s a p l e s  were truly representative, 

a method o f  s p l i t t t n g  was used in "%ia investigation which oonefsted of 

whmdr~wing a pipe%%@ s q l e  sf %he proper v01mc3 f rom a u i f o d y  dfs- 

p e r ~ e d  suspsnsiean 0% a h o r n  oanoeatralion, S t m d a d  pipettes having 

v o l w s a  of 5, 10, 20 and 50 ctz, wero available f o r  this proeeduse, W 

sgeaif io  exmgle %ill suf f l ,oe t o  explain the method of splittinge 

If, f o r  sxmpbe, a pipe$%;@ anaiysis Waf3 %o be run at 10,000 pepemo 

a& three tube t e ~ t s  a% P,000 paperno, a l l  from the  a m @  m t e r i a l ,  then ga. 

master auspeaaeion was prepared i n  %he p ipe t te  jar aontaining %1,6 p. of 

mteriral, "%hie w u l d  be enough t o  allow PBlOQO gmo f o r  t h e  pipette mcblyslia 

and 0.6 pa f o r  each of th ree  tube testsb, %f "the master 8uapemasisn m s  

brought to a volme of 1,160 oc, and wifomly dispersed it wu$d have g 



oonoen%ration of %0,000 poporno m d  each oubic em%imeter of suspeneion 

muld aonLain 1105/1,15~ or 0,Ol pe of sedimento After m i h m  diepele 

sisn was obtaineda SO-ce, pipette e w l e  m s  withdram quickly at a. dep* 

below &ich the largest particle present had mbst yet had theto fall f r m  

the mtsr ~urfaee. $n a ruepencrion having% Leveratuse of 20" Gm"t;grade, 

a S/$8-me p&io1s rill $all 20 orno in 87 rsreo, If' thie were $he largerat 

pafiicle present *en %he pipette e q l e  would have to bs W e n  at a 20- 

om, depth eLbbh 57 ego, afier rset%linng had rctahed froathe u i f o d y  

dispersed co&itiola. Proof *at suoh a smple would be representative o f  

the %me grading of the mster 88unp3le lie8 in %he fact that the Gonoen- 

tmtion a% my poi& in Lhe suspension reminas constmt util the largest 

particle prersmt has had % h e  to fall from the surfaae of the mspeasion 

to the poimt in qestiono A n  inspection of Figo 6 will bear $hie out, 

1% o w  be seen that a pipette @ ~ w l e  %&en at my point belm the  upper 

raw of dl particles would be reprebsentat%ve of %he origiml m i k o m  di8- 

pereion, Therefore the 504e, pipette smple would oontain 50(0,01) or 

005 of sedfmgnto The msLer suspension was redispersed before eaeh 

of the ~ r e e  pipette smp%es mrsr %&@%ao Web pipette ca82mple m e  %shed 

into a k b e  and the suspension brou&t %o a v o 1 w  of 500 cao so *a$ it 

osrould have the  desired oonoen%ration of P,OOO p.p.mo The ms%er suspen- 

eion would %hen have 41efi 10oO gm, of eedhen* m d  a volume of 1,000 coo 

All four tests would then be ready to puno 

T h i ~  description o%&smethsd eqloyedto secure small representative 

eqlee withinthe partiole size ravlge of tihe pipette (Ill6 mo or smaller) 

b r  been given in some detail because it has a wide application in %he 

field of eedfment $rmepo&ationo 



Average tu'be gradingsfor clay obta inedat  various eoncssntra%$one were 

referred t o  $he p i p e t t e  grading at PO,WO pepsme m d  %he graph shorn i n  

Fig. 18 ms prepared oorresponding t o  Fig. 16 fo r  the  p$pettee Fig. 18 

shows $ha% s ize  analyshs r e e u l t s  wi th  $ha tube fsoaa clay smples taken 

from $he smb masker smple agree very closely wikh $he p ipe t t e  sibnaahyeis 

PARTICLE DIAMETER IN MM. 

Fig. 13 - Bottom Hithdraml Tube 
Ef feo to f  Consen.[;ratisn on S i z e  

h a l y s i s  Besults 
 la^ b t e r i a l )  
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used, Concentrations higher a;hm 30,000 popoglo resulted i n  $her  gradhge  

jus t  a s  in t he  case sf %he p ipe t te  (pigo 1610 

The f a c t t h a t  osnsistent, results were obtained with comentratione ae 

high a s  30,000 peporno mayararreupt; f i r the r  invest;igationa, One i s  inclined 

t o  believe t h a t  the  $ube method would have about the  % m e  %hit as t h e  

p ipe t te  method as regardethe highest o o r m ~ e n m i  %ha% ooufd be handled; 

namely, 10,000 poporno The lower l M $  of 300 ~ O ~ O P B O  5s a eansema%ive 

estimate below which t e s t  r esu l t s  m y  no$ have t h e  same high degree of 

Tests mde  with t h e  bottom wEthdraml%ube on s i l t y  % o m  mter ia l  were 

averaged md t h e  graph shorn i n  Figo P9-a~ prepared to bring out the  e f f  B C ~  

of concentrationan sfee amlyrais resultso 1% is sllrrsi1arr.E.n ccns tmct i sn  t o  

Figso 16 and 18, Abthough f m e r  ter%ts were run on t h i s  type of m t e r i a l ,  

there  a re  enough s onaFigo l 9 t o  indicate  t h a t  higher concentrations do 

not a f f ec t  t he  grading a s  much as aifi $he clay materia%, No a t t e q t  was 

m d e t o  s p l i t  samples suck a s  wit% a smd  s p l i t t e r ,  S)lncs very s m l %  qum- 

t i t i e s  a r e  required t o  &e upa conoeaat;ration of 500 o r  1,000 p,pomo thfa  

m y  explain in p a d  the  var ia t ion  in t he  grading ob-bained a t  these ha> 

24. ConsisP;enoy s f  s ize  ma%ys%s results--Up t a t h i s  time conafdasr&- 

t i o n  ha8 been givento t he  e r i n h i c h  s i ze  grading8 ob%ainedatgsarisus 

concentrations agree w i a  t h e  p ipe t te  grading a t  10,808 poporno $m doing 

t h i a  the average grading s f  a l l  t h e  t e s t 8  mn  a t  each eoncentration ha8 

been used a d  ce r t a in  ooncen.%ration l imi t s  have been indicated within 
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which consistent a i a s  analysis r e s u l t s  were obtained, 

h *or+-t aspect of  %he m l y s i s  of t e s t  resubta ob%ained i s  t he  

aon~tis.B;sney of%@ individual testa  wi%hthe oompu$ed average o r  mem grad- 

ing. Eeah individual t e a t  was  %hersfore referred t o  the mey grading &% 

eaoh coneeneration used md the  deviation d e t e d n e d ,  Pig@ 20 has bsea 

platted fxom these data Lo show %he dm%a%iom 6ron the me= grading in 

lative per oeaL f iner  at t h e  various ocpnoen%ratfoae in  testing clay 
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material, 

Fig,  26 indicate8 that f o r  ooncenlrations sf 5,000 p,pomo o r  g rea t e r ,  

both $he p i p e t t e  md boLLcappbwithdraml tube give very csneietent resul le ,  

It must be remembered, however, %ha% .$;he actual  size grading o f  clay ob- 

%aimed wit21 oosaoen%ra%fons of 20,006) popom, o r  g r s a t s r  m y  no% agree I%& 

the  p i p e t t e  grading aflbg%,QOO pop0me, however ~ a n e f  eksnt  %key &&t b6, 

For osncentrat isns Ilf&ter than 6,QQO ~ o p o ~ e  %ha tube hae muoh mar8 

~ons%eLenL results, m%s is t o  be s q s c l a d  besause %he p i p e t t e  grading 

La obtained from a very  smB1 sample of the ~uepensisn, Althoee& the 

gipe%.$e m a l y e i s  s h m  on Figo 20 a t  2,080 poporno give@ resul le  w i a b  

plua s s  &ue 5 per aent, ag has $aeer.s stated, the a o t m l  gradkg o b t a h e d  

does not e o q a r a  fa~srabEg with %he aaoep%ed sLmdad grading a$ 10,000 

pupogba For $ha% P6880n 8 X i k T d t  0% about 3,000 poporno $8 ind f~a ted  

f o r  %he pipetteo me h d i v i d w l  t ube  t e s t s  have about the a m @  COPB~B%= 

enoy at 100, 200, m d  600 poporno when cowaped t o  %heir respee$fve mem 

gradLng8, but d e n  $he me- grading i s  aompmesd to %he oorrect grading, 

epa WLB done h Figo  18,eono~a%r&%fon8'baelow about 3W p,ponrao m y  not h&ve 

the  s m e  degree o f  aoouraey, It wi.11 be ns%sd on Fig. 20 .$hat %he tube 

tee%@ a$ b,080 popom, give resul%s as aoa~i~ken% a8 $he p$pe%Le a% IO,Q08 

p ~p omo 

A graph s h f l a r % o  Figo 20, prepwed for  t e s t s  mde on eilty lorn, i s  

ahom in Figg 21, V e v  oonaistenl  s s a u l t a  were obtained wi* Boeh m@*ode 

@horn %at tihe bot%om ~%l%dr&waP tube gives aosumts resulLs r f a b  %he 
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g a r t i o l e  s ize range of %he p ipe t t e3  nme%y, 4/26 mo sr f iner ,  mere 

fol lows a record of  .the %@st resul t8  o b t a h e d  with $he bottom wi$$8diawa% 

tube om prepared s q l s s  of  amd, s i l t y  lorn ,  md olay, h i o h  W@F8 mde 

f o r  %he p u ~ o s e  o f  de$eminbg whe"egber t h e  tube would w l y t e  p a d l o l e a  

eas oswrse as 1,Q m, in  d i m e t e r ,  W s t e r  s w % e s  o f  eaeh OF %he areas 

$mea of m%eria$ were prepared and%he stmdad gradhgeafeaeh d e % e d a e d  

wfth @$%her %he pi.pe%$e o r  t h e  t o p  fntrsduotLan methods o r  a combhap~tion 

of bo$B%, Having obtained the ~ t m d a r d  grading, m l y e e s  were ~ e n m  mde 

with the bottommwi%hdrawal tube  f o r  aompasison, Also, k o  sr -re of  the 

m.t;aria%s were mixed 9a differen* psapodfone by wei&$; f r o a   oh it nas 

possible $0 oompu.$;e t h s  combined grading f o r  eomparisan wi* the  tubs 

mgalyais , 

Ih order t o  insure that representative sm;g%ee of  a e  amd m d  silty 

l o rn  m%erfa% were used h L h s  t e a t e ,  a Jones d n i a t u r e  amp le  agli%%er was 

used, It i s  o a l l s d  a dcrohirp4biL and was designed by merge Ho Ot%o (81, 

The miorosp3.ft was des fged  f o r  pa&fo l s s  grading from 1/16 mote Z O O  mo 

in dfmeter ,  1% wes n o t  poss ib le  $0 use it fn  sgbeeurfng r e p ~ e s e n t a t i v e  

smp le s  o f  olay as that m t e r f a l  ms a l l  f h e r  *an 1/16 mo m d  would 

~%iok t o  the s ides  ~f the spPi%Lero The next b e s t  sqedient  t h e r e f o r e  was 

merely t o  use seascana3lhe care Ln ob%abfng representative a q l e e  sf t h e  

o lay  mtsrfal. 

Several a q l e s  o i ~ s  silty l a m  mterfal  o f  abou% 2,0 each were 

ole8  whioh were ooareer thm %he pipe%%@ oould hwdle,the correct gradiag 

was obeafned by combining r e su l t s  obtained with both the p i p e t t e  m d  t o p  

intrsduc$ion me%hod~ m d a  smooth average grading aume dram,  %is 



eume md $he p o h l s  used t o  obLain %L are &am in  Fig, 2% , 

PARTICLE BIAULIEW IN Uhl 

Fig ,  22 - Combined Gradhang of S i l t y .  LOWR 
r Top Pntroductisn Analysis 

6s P i p e t t e  Analysis 

The @ q e ~ % e n $ s  gained %n i~vs@%igalfng %he ~hmberad tube has be= 

reoordsd %XI Beation 9 of t h i s  reps&o 1% wag fomd %ha,% wsn thou& f i a e  

pa&%ales were pseeeaL h s w f e e  Inlrodused ia%o%heLop sf a Paag a o l u  

of  mter, ooarse part ic les  above 1 / ~ 8  ms in df meLer would seLtle ouL 

h e a d  of  the d m s i t y  w r r e n t ~  as individual pa&iolea i n  a mmner suaoep- 

$ib%e t o  %his fom of aaalysia, The mwthsd sf obkaining %he size gradfng 

sf ar e w l s  in$rodus@d 3a%o t h e  top o f  a long e s l m  sf water i n  the pro- 

posed ohmbered Lube has been descrfbsd i n  detail i n  Seat ion 9. Also,  i$ 

was shorn h Section 115 %ha% the action 0% t h e  bottom d thd rawa l  "ebe is 

similar t o  ~ a %  o f % h e  @habered tube, I twas  therefore f e P L  %ha$ n 

reasonably asourate size maPysi8 was obtained o fkhs  coarser ga rk io le s  in 



%he s i l t y  10m mterial when smples were ia%roduoed hts  a e  t op  of  %hs 

bo"r;$om ai%hdrrawsl tube m d  f raet ione withdram from %he bo%tm mtib euoh 

a % h e  aa cloudy density ourrents were enoowtered, A double cone 

i c ed  beet i r o n  a d  

patterned afier %he mri eiltome%ero men Lhese rssultc%l were plo t t ed  an 

the S ~ B  gmph 22) da pipe t te  rssd.,ts on split sqlgas ofthe l r n ~  

mteri~bl~ and a 8 ~ 0 t h  cum@ dram, it wae f e l L  *at the gradhg  ob%absd 

wa8 rea80n$lbb$y B C O U ~ ~ % B  and ms adopted 81 @tmC;ba& f o l a e  0owl@%@ m g e  

o f  par%icPe dimeterso Tests were then m on o t h e r  k ? , O - . p e  e p l i t  s w l e s  

o f  s i l t y  loem with. the  bgat%omwie~draml tubs h the r e p l a r  

oomparip%on, The s % d a r d  grading is dram on Figo 2 3 ( ~ )  as a 1moa B U ~ Q  

and %he kube rssulta of indigid-l % ~ B % B  are &m 8 s  do$@, 

Smeral saq las  of%h,e 8md of about Z O O  po @a& were also s p l i t  f roa  

the mster s q l e ,  8 q l a e  were htroduoed h t o  &s t op  of bo%%m lia- 

bottom a t  predelemfnsd % h e  %n$emals0 m e r  s q l e s  warers dispersed mi- 

f o d g  La the %ubs a d  t he  regular  bettoa w L ~ d m m 1  8iae maPy8is 

The s tmdard  average grading, obkafned w i t h  %he top  intrsduo$ion devioe, 

i s  shorn p lo t t ed  as a sea%oo% oums on F igo  23(~) bile the $as% results 

aim t h e  tube are &om ae dots f o r  may ooqarfaon,  

A t  thia t h e  mother ms%er ~ q l e  was prspmsd wh%oh included 90 p@r 

cent of silty l o r n  by mi@% md 18 per  oeHs.$ s f  s a O  Eavhg  previous ly  

detemined the  slmdard gradhg sf these two a k s r i c P s  it naE% poesib le  t o  

o o q u t e  t he  eonbfned g r a d h g  by proper  weightingo % i s  at-&& gradhg 

m s  then plo%ted on Fig, 23(C) as a smoth oumemd tee% r e s u l t s  wisri* the 

bot%om withdrawal Lube an s p l i t  2og%l-p, 8 ~ P e 8  are &om as dotso 
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Another mster smple was  en prepared hav iw  %he f o l l ~ d n g ~ g r o p o r -  

%ions by wgi&$p g a d ,  8 per  cent8 silty lorn, 80 per eenL; a d  olay, 1 2  

per oent, Again %e a%msbdard grading wag computed m d  eoqared Lo W% 

obLained with the  boteom withdraml $ube ae ehom in Fige, 2 3 ( ~ ) ~  @ B i t  

s m p l e s  weighing about 2.0 po were used i n  $ng the  m l y a i a ,  

26. Conolusione--The aocuracy o f  s i z e  grading resul%a obLained w i a  - 
%he bottom withdraw1 tube fo r  gartiales l/16 i n  dimeter o r  m l l e r  

has been d e l s d n e d  by osmparieon with pigetke m l y a i s  r88~ltl an split 

a q l e s  o f  the a m @  mterial,  me sLmdard p i p e t t e  grading w&a obtahed  

using a suspension having % concentration o f  P0,080 peperne POF P ~ ~ Q ~ B B  

beheen ~ / 1 6  me md 1,0 m, ths  eLmdad grading hae bs@n ob t shed  wim a 

double Gone top introduction devioe e i ~ l a r  $0 %he mri siltometer. mi@ 

m e ~ o d  ms adopLed beoause a f the  suoeess had By Puri ( 3 ) m d ~ a i & i m a a m  

( 2 )  i n  malyzfng ~ m d  p a r t i o l e e  by i n t r o d u o h g  e q l e s  b t o  %he .$;op o f  a 

long ool of gatere Fur% used a 1 0 o O - p e  s q l e  b a b b e  having a 

dime%er of 6,0 om, Wsrimenks reported herein were mde ni% 200epr 

s q l e e  in  ta 2,54 om, d i u ~ L e r  I"ub@, %8 @ff@ot  02 neam888 o f  tube 

walls on %he f a l l  ~eLooiLy of s m d  par%iolse wau not  %&en i ~ t o  ~ Q O O U ~ ~  

1% i s  hoped that a study oan be made of  ae%PP efffec.,$e ia some &$ur@ in- 

vest igat ion,  

An  erar$;onsive pragrm Baas been a a r r i e d  out in detemining mt %he 

bo%"Mtm ~~i%hh%r&&gyal %abe will give 188'1%1b as acau ra t e  and m%ssis.$e~% as 

%he pipe%%@ far  pa r t f o l e s  1/16 m, 3.n d imeter  o r  m l l e r ,  From ms fm 

tes ts  mde on part icles  ooaraer  thm 1/26 ansdo it has beean. ooncluc%ed *a% 

the tube r a g e  can be ex$ended %o part icles  ae ooaree as %1,0 me 



means t h a t  i n  one operationthe tube ean be used i n  yzing t h e  e o q l e t e  

range of p a r t i c l e  s izes  l i k e l y  t o  be encomtered i n  susptlndbd aedimnt  

s q l e a e  

The range of conoentrations w i * h  which t h e  eor rea t  grading o m  be 

obtained has been found t o  be bekeen  3,000 m d  10,880 pepem. with  t h e  

p ipe t te  and beMeen 300 and %,000 popsm.wi%h the botlom wi%hdrszwal Lube, 

The Pact t h a t  mueh smllber s q l e e  was used would e q l a f n  d y t h b  pips%%@ 

w i l l  not  hmd le  eoncexl$ra$ionrs ass P f & t  a8 t he  tube, b u t  t h e o r a t i ~ a l l y  

there  i s  perhapslao reaeon why both m e ~ o d s  would not have t he  s m e  %bib- 

t i o n  ae t o  t he  hi&eet o o n ~ e n t r a t i s a  .$Itrat could be used, For Wt reason 

an upper limit sf TO,OQO peporno laans a l s o  been placed on the  tube - t i$  

fu r ther  tersts o m  be mads, 

Tke bottom wiadrawal. b b e  hae 'be= deafwed f o r  a mximm length sf 

100 om. because i% would be hard .%;a obtain u i f o m  d%spsrs%on i n  a tube 

much longer t h m  t h i s ,  'This IfnaJhtation as t o  lsngLh m&ee, %$ b p s a c t i c a l  

t o  analyze pa r t i c l e s  Parger thm about b a a  mo in  d ime te s ,  I t  i s  suggested 

t h a t  a large nurnbes s f  t e e t e  be made on several d i f f e r en t  streams t o  de- 

termine If' 1,0 m o i s  high enough t o  go with t h e  analysis ,  I f  it develops 

through h r t h e r  study t h a t  the malysis should go fu r the r  up t h e  grade 

scale  it might be well t o  suggest cer ta in  p ro~edures  in %he l i g h t  of  ex- 

perience gained i n  t h i s  i n ~ s s t i g a t i s n ~  

Fa l l  ve loa i t i es  f o r  the  coarser pas t ic lee  are as indicated in  the  

fo1Lowimg tabulat isn .  If these values for%he d i f fe ren t  water tsmi~esatures 

a re  plot ted and smooth curves d ram,  then the  values f o r  the intermediate 

temperatures can be read m d  e, t ab lo  prepared s imilar  t o  Table b,page 54, 

If pa r t i c l e s  as  csassc as 2.0 m, were desired %ha f i r s t  kract%sn 



withdram in  %he regular malyaie  oould be in%roduoed in to  the top 'of %he 

tube with the Puri double-cone deviee, If partic9ea as lmge ss 8 m. in 

dimeter were desired %he first fraation would have %0 be introduoed h t o  

w $ube 208 cm. La leag%h, 

as desoribed on page 61 fP%be p a r t i ~ l e s  are not bargeram about 1/16 m e  

%n dimeter. go a%%-% r n ~  mde fa ~ f s  invesLigation Lo s p l i t  @-lea 

from a suepmsfon s o a b b h g  par t iexes  larger Lhm 1/16 me It ha@ hem 

iadfoa%ed, $dwmer5, ooneen%rationg ae hi& as 30,W0 popem, by w e f a %  

my ba m l y c a d  w i t h  &s bot tamwi%draml Lube, -%her s h ~ d y  along %is 

l ine  ~ l k  daub% be desirable *en such problems arise in a@ fieldo 

no% ~ b t a b e d ~  Ths pipette mlydib43 mdaod i e  l M % e d  qparea%%y t o  a oaa- 

is h o r n ,  f o r  ins%ace,  %ha% %he hydrompia%er measures the average dens i ty  

of a suspension over %he depth o f  %he bulb, %a order to reduce t h i s  to a 

measure of the  densi ty  at s81 point ,  a factor  i~ applied t o  the t o b 1  d ~ p % h  



Section 26 ..- 7 7 

of h e r s i o n  eo t h a t  %he h@rometer w i l l  give s i ze  analysis r e s u l t s  t h a t  

agree w i t h  t h e  p ipe t te ,  If -this fac to r  t&es  in to  a c c o u t  th's e f f ec t  of 

concentration Lhsni t  i s  probablet;t%a%a correet  m a l y a i s  of concen$ra$ions 

as high aa 50,000 pepem.  can be obtained with the  hflromeP;er, 

The purpose of t h i s  invest igat ion has been to develop a new size 

sunalysis method f o r  suspended ~edfmsnt  a q l e e  d has resul ted i n  t he  

c o q l e t i s n  of t h e  bottom w%%hdraw&l tuba* It d&t be wela ,  a t  t h i s  point 

r i z e  and or ien t  * e  ssope of the present cornon methods of s i z e  

analyeis  w i t h  regard Lo t h e i r  use f i l aess  i n  t h e  study o f  sediment t r m s -  

por ta t ion  i n  order bet%er t o  show t h e  poss ibihi t iea  of t h i s  n m  device, 

The usual suspmded sediment amp le  i s  brought to the  laboratory i n  

a p i n t  bo t t l e  and may have an average volme of about 40Q oc, Sinoe %ha, 

sml l e s t - s i zed  s q l e  %ha$ can be satisfactorily a n d p e d  -with 3-190 

s ieves  i s  about 0005 p., and &aswing %hat d 1  of t he  p a r t i c l e s  are 

coarser  than 1/16 m,, t h m  the  l i& te s% ooncentratioa t h a t  oould be 

handbed by t h i s  method would be (0,05/400) (I,CM)Q,QOO]~ o r  125 p ~ p ~ r n ,  The 

heavies t  concentrat ibnthat  could be handled would of course be u l i m i t s d ,  

The past;icle s i z e  mngo f o r  sieves i s  from 1/16 nam, to a s  l a rge  as may be 

enoomtersd i n  suspension, Lf t tbe  i s  h o r n  about %he silLometer except 

$hat Puri  (3)  dsseaiped fo r  a p a d i o l e  s ize  range of Q006 t o  006 me and 

used a %OeO-gxno s=leo Assu ing  t h a t  lQOO gmo 1 9  t h e 3  upper m d  QeOS gm, 

t he  lower l i m i t  of m$er iaf  t h a t  could be analyzed m d  t h a t  a l l  pa r t i c l e s  

am coarser l/f6 m., t h e  corresponding concentration rawe m u f d  

then be from 125 t o  24,600 popeme From the  e q e r i s n c e  gained i n  t h i s  in- 

verstigatfon %.$; appears poesiblle L b t t h e  si l tomP;er would hmdle  pa r t i c l e s  

from f / l6  m, i n  diameter t o  as ooarse as Z O O  m,, using a tube 200 6gBe in 



SCOPE OF VARIOUS SIZE AWLPSIS mTHODS 

Approximte Rmgs i n  Apprsximte Range i n  

P ipe t t e  

Beeantatisn 

Bottom Wi%hdra~val 1 nibs 1 , O  t o  00001 300 ts  $8,880 

length, The p ipe t t e  w i l l  m a l y z e  pa r t i c l e s  1/16 m, i n  dime%ksror smller, 

and from a maxi o f  10,WO t o  a xaainimm of 3,0610 p ~p .,no i n  concen%ratf one 

The hflrometer, l imi ted $0 1/16 mo par t ic les  o r  smPler, i s  perhaps best 

suieed f o r  eoncentrations between 25,008 and 58,000 poporno This would re- 

quire about 26 to 60 gmBof sediment f o r  %he skmdard 1,000-cso hflromster 

jar wk~ich mem~ t h a t  t h e  400 oc, suspended sediment 8 q I e  would require 

a ~ o n c s n l r a t i o n  of from 60,200 Lo 116,800 p o p ~ , m 0  POP t h i s  reason $he 

h@rcameter has very l i t t l e  i f  any use i n  the s%udy of suspended sediment 

smples ,  it being confined t o  studies i n  which t h e  m o w %  s f  m t e ~ ~ a d .  

available is mlimfLed, Prom previous experience w i t h  %the dscmkation 

me$hod 0% s i ze  malys is  &%khe Iowa I n s t i h % e  o f  Rydraulic Reaearoh i% was 

found thlat a min of  005 po OI ssdimeqt was r e p i r e d  i n  a decaaaf;ation 

jar ~ o a t a i n i n g  750 cc, of suspension, En a 400-cco suspended sediment 

s m p 1 ~  0,s @I, of sediment would be a oonoen%ra$ion o f  1249 pop ~ r n ,  f o r  %he 

$ m e r  limit by decanting" If i$ i s  a s s u e d  that 10,008 popernois %he mmi- 

mum ~on~en%ra$lon $hat c m  be used i n  Lhs 750-eeo deemla t ion  3ar th i s  



oontaining T 6 5  gm. of  eed i rne~ t  would hewe a eoac@~traQion o f  18,600 p OP O ~ O  

Mioh would %erefore be the upper limit POP %he deemtation method, 

The 8&.;ogesfpressnt  s i z e  malyshs m d % h ~ d ~  hae been ditsaueaed on %ha 

bar~igl of t h e i r  a b i l i t y  t o  malyzs  a ~ O Q ) - G ~ ~  8?luap&ed 88dimen% omplep, 

me limitatione found are ehsmin rsuad n.umber8 in tabular fern i n  Table 

3 m d  graphically in F igo  24, 

REWIWLD CQPdCEH'TWATIOP> IiPd B P.M. P O I  SINGLE 408-CC. SAUPhL 

. Figo  24 - Scope o f  S i z e  Analysis Hciskhods 
(AS Indicated by this Pnvegtfg~~t ion m d  Bassd on 4OO-oo, 9mple) 



1% 18 believed tkat the bottm dthdraml h b e  method a m  'be de- 

veloped for m88 gmduation analysis by plasing aeveraP tube8 in a raak 

m d  etsowing a uniform di%rpersion by W d l i n g  the raak in a m n e r  s h  

ikar Lo a single t u b .  A single l e m r  aould be k s ~ m g e d  to opea and a lase  

simultmesusly a l l  the tubes in the raak, and a est sf vessels in ans tbr  

raok oould be held b s % m  the outlets to seeeive the s m p l e ~ ~  
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APPENBIX A 
DETAILD TEST PROCDW FOR BOTTOMBIIITEQDEIAWAL TUBE 

27. Test procedure fo r  bottom wid;hdraml hbe--A o o q l e t e  l i s t  of 

evipmsnt  and a o o q r e h e n s i ~ e  and de ta i l ed  deescription of $he te8C pro- 

cedure and c s q u t a t i o n s  necessary i a j l  given below f o r  deteminhgg %he s i z e  

grading o f a  sediment s q l e , t o g e t h e r d a ; k L  notes m d  obeematibons d e s i p e d  

%s a id  in. obtaining a oorrsot  malysis, The t e s t  procedure is based upon 

tihe m a l y s i s  of suspended sediment smpfos  m b d t t e d  %o the lab om to^^^ in 

pink bo t t l e s  and oontaining approxW%ely $00 co, 

Beakers, capacity 4Kl ce, 
D q h g  oven 
Desiccators 
Aaal@%oal balmoe, s e n s i t i v i t y  O s l  mg*, capacity 280 gm. 
%agorati% dishes, ppex ,  capacity lO8 660 

Graduates, aapaoity 100 ace 
D i s t i l l ed  wa%er 
Bo%toa withdrawal tubes, eridhar t o  %hat sham i n  Pigo $0 
Stop m t o k  o r  t h e r  
Themmeter,  1" subdiv9s%ons, -lQo $0 4 1 1 0 ~  C 0  
b b b e r  tubing, 5/16 i n o  bore 
S tmd  f o r  hsldtng bo$tom wikhdraml tube during t e s t  
Bs$.tle b m ~ h  
Pinoh-olmps 
Corks, e ize  No, 9 

SLep by s%ep procedure 

a, If s m l e s  a r e  t o  be stored i n  ths laboratory f o r  a 
per ioa  of  eevsral weeks before a a l y s i s  a e y  should be placed 
i n  a dark soom o r  i n  subdued Light i n  order to re ta rd  
gr&h of algae, o r  a Pm drops of' fomldehgds  m y  be  added 
t o  prmeYbL g r d h  of algaeo Smples  i n  which algae have 
grown o r  ppkioh give off's. strong odor QF deoaflng organicmat- 
%er o r  of  hHragen su l f ide  probably should be BiscaAed, 

Discussion: It i s  strongly recommded that s ~ % e a  
be L laboratory as I Q O ~ B P I  possible a f ie rbe ing  
secured anda@ a a ~ ~ l y s i s m  b e d i a t e l y  i n  order t o  sim- 
Late actual  stream cond%tionso If t h i e  i s  done%% i s  be- 
lieved t h a t  t he  %urbulenee s e t  up i n  bringing t h e  suepens boa 



$0 a u n i f o d y  dibperee~d condition, ae described fna 8 t ~ p  
e , w i l $  probably more nearly approach the  condition feud 

-5- In natural  stremks. If a s q l e  i a  8tored over a pro- 
longed period of time before m m a l y s i s  i s  mde, and %% 
appears %hat some addi t ional  meehanieal dispersion i e  
necessary, o a u t i o ~  sh0u16t be obse~red  i n  d e t e d n i n g  t h e  
a m e r i t y  o f a e  d x i n g  prrseass, Conglomerates o r  o lus t s r s  
of par t ic lea  &$ch appew i n  a s  n a h r a l  stre-  should 
not be broken d o m  i f  a t r u e  pic ture  of sedimentation i a  
t o  be obtained, 

be Pour the  s v l e  i n to  %he bo$tom withdrawal h b e  a d  
note %he height of w a t e r  e o l  i n  order t h a t  $he v o l u e  sf 
t he  s q l e  m y  be deteminsd m d  ~80ordbdu Wash %he s m p l e  
b o t t l e  in to  the  tube with a 8trsm of c lea r  na t ive  water and 
bring t he  sus9ansion t o  %he 10&cme hsigh%, 

o, In %he 2 o r  3 min, requi red  t o  t r ans f e r  %he p;rmple 
i n to  %e tube, a l l  of the pasLicles of  118 me d i m e t e r  o r  
greater  will have had %%me t o  a o l l e a t  a% %he bo%tom of the 
tube, Placing sns hand over %he open end, o r  with a ~ o r k  
e l o s h g  t h e  open end, r a i s e  t h e  Lube t o  im inclined posi t ion 
so $hat t h e  bo~ttom of %he tubs  i e  a t  a s l ight ly  higher el@- 
vation than the  top end, W i ~  %he tube in t h i s  p o s i t i o n  ex@- 
out@ ha. baobard  m̂ 1d fomwd motion t o  msh the Q O I F S ~ ~  par t i -  
e%ee out of t he  constriated o r  bottom end and continue t h i s  
motion until it i s  gabgemgci $ha% %he coarser gart%obee arb 
dis t r ibu ted  qui te  u n i f a d y  over%he$otal  length of  the  tube, 
The coarser gad i cbes  can be seen by %he eye along the  bot"$m 
of .&;he k b e  i f  it $8 held before a l i g l~L ,  men a i s  has been 
aeeompliehed $he tube will a L i b l  be in  aa inoliaed poarttion 
with $he a i r  bubble a% %he constricted end, PPaee the  tube 
i n  im upr%@$ posit ion,  Paver% the tube from gad t o  end, 
allowing the a i r  bubble t o  t r a v e l  the  h l b  length of  t h e  tube 
( t h i s  %a@$ abou% 5 l b ~ ~ )  before eaeh igversion, Uaifom 
dispersion i s  abtatasd when me suspmeiow has become euaifom 
i n  oolsr  $hrou&~ou%, T h i s  m y  %&e from 2 t o  5 rainB me 
tube i s  held ve&%ca% i n  both %ha upright  m d  inve&ed po- 
s i t ions ,  h o e  the  f a v e r t h g  of t h e  tubs  i s  s ta r ted  the pro- 
eess ehouPd be continuouse $hauld a bra& i n  the dispersion 
procedure occur, a fresh  tad should be mde with the tube 
i n  m inolined posi t ion as dessr ibd abovse hf ier  u n i f o m  
dispersion i e  obtainsdehe a%op wateh is e ta r ted  when tihe tube 
i s  inverted t o  uprighe poeiQbon p repa ra tov  t o  placing i n  
the etmsh, A t  this i n s t m t  khe air bubble is a% the bo%$om 
of the  tube, me %ube $8 *en eeeuse%y fas%med in t k s  atand 
in v e r t i o a l  position. f f  a cork ie used it must be removed 
before the  f i r s t  f roa t ion  i s  withdram* 

f o r  ea stop watch d i f f e r8  ~3om&at fsomthepro- 



eedure used i n  t he  p r e l h i n a v  kesta. 1% i a  based upon 
fis%her 8tudy of the behavior 0% the 0 8 8 ~ ~ 8 r  p a & i o P ~ ~  , 
mde as a resu l t  o f  sugges$ians received from*@ cooper- 
ative agsaaies i n  revfwing the pre l iminav  r s p s h  m d  
rep re sen%^ a refinement i n  the  t e s t  prooedure. I t  i s  
f e f $  that *ess Improvenenta will r e ~ u l t  i n  a better a- 
mlysi8, 

d e  I n t h i s  inves%%ga$ion,%en s p a 1  v o P m ~  fraotigsns were 
withd7am f o r  each %@gifto Time internal8 wsrs ohoeen i n  suoh 
a way ae t o  accurately define the CM&n curve, 8 b o s  the tubs 
was 100 cw, i n  beng*, each fraation 0orr88poaded t o  a ~ o b  
hai&t of 18 em, f i r e $  f r a ~ $ i a n  had a $otab fax% s f  90 
om, A l,O-m, pa r t i o l e  ail1 fall 90 in  abau.&; 6 se@, a d  
a 1/16 (Qa862S)-m, pa rk fo l e  w f  Pl fall %at d$~%msa  i n  a 
l i t t l e  l a s s  %hm 6 %in, In %he f o ~ m e r  ~ 8 8 8  %he f irst  Psao$ion 
would have LO be ~ i t h d ~ a m  in from 6 Lo bO see, bu$ Sn the 
latter eaee i% need no% be wi%hdram mLil a f t e r  about 5 min, 
have elapsed, En gmeral, f o r  mterial @om%ainiag partiales 
as aoarse as l,Q me, $he wiLhBramb % b e 8  used were a$ 10 
eee,, 30 see,, 1, 9, 7, $6, 48, 80 a d  128 mine For amplee 
esntaining pa r t i e l s s  in*@ neighborhood o f  ~ 1 1 6  m a o  or 8 m l l e r  
the time intervals were spaeed a% 4, 16, 40, 54, 69, 82, 97, 
110 a d  124- mine me l a s t  Praotfon had a fa11 of 10 om. a d  
p a r t i a l e s  as f i n e  as 0*0039 m,wereoau&L in  a t o t a l  elapsed 
t h s  of 120 mine Dmi&%%ons from my cer ta in  se t  Lime dl1 
do no ham if %he a e k a l  time of wimdrawal is noted, 

e. About l,O pteo,before "l;he oho8ea wi lhdraml time, f i e  
pinohzelbmp i e  quickly opened to fill ~ d *  d $he. olosed 
slowly &s %he Pas% of  t he  8mpXe i.8 being w i t l~d ram~  h 
span%ng is requi red  at the e$ar% i n  order +ha$ "t;%pe rush o f  
m%es will 0Lear t he  cone of my depogited sediaent, moa 
% i s  has Been aoeamplished %he p inoh -~ lmp  m y  be e l o ~ &  
~ P m l y  as desired i n  order t o  gage %he s q P e  height wre ao- 
ourstelye W i a  a l i t t l e  praa%ioe one beoorne~ quite 
wikhdrawing fraolions. 1% a s %  be rm~mbered~  however@ %hat 
the t a k l  elapsed t h e  is no% %&en a t  t h e  t h e  %he pinch- 
o l q  i s  opmadobut &% %he3 t h e  %ha% i% i~ olseed,  The method 
is mtisePy f l ex ib l e  i n  *a% fraoLlona o f  my desired d e p a  
and vola%sne m y  be wi%hdram as long aa*epar t io le  size rmgs 
i a  oov:r& and enough poin%8 a r e  ob ta ined to  accurately define 
.$he Men aume, Seven i s  probably%he f o r  ss t i s faoteq  
results, ,%e co hei&t me$ be read seer %e awikhdraml 
sf each fraction, 

f ,  Smples  are w$thdr%a,m b t o  a lW-oo, graduate in o d e r  
$0 e l G i n a t e  t he  poss ibi l i%y of l o s ing  ef %he s q l e  f r a  
splashing, mey arb *en poured b t o  ebb msbpcsa%ing dishes, 
%he graduate being mehed wi* a  tram of distilled mtere 
Each waporafiing dish should be nubered  md %he %are we%&% 



d e s l e d n s d  frequentlys Prefssense waa given %o p p 6 x  89ap0- 
reBLing d i ~ h g s  rather Lhm poroblafn b s e ~ u s e  t h s  glaes eon- 
tain~rs are lighter ia w@$&L. Care ehould b e t a e n b  ole'm- 
h g  %he tr%$asa, mapsra%ing dishes, m d  graduatea before eb6h 
%@stB This i~ @ ~ p @ e i a l l y  blmpor%m% when bight ooneentratfons 
are being malye&, 

Q The evaporaking diahea are placed i n t h e  oven t o  dry 
overn ght a$ a t~mperature o f  f rom lQFiO t o  110" C @  

k, The w ~ p o r a t h a g  d i ~ h s s a r e  trmsferred d i rec t ly  fron 
%he oy@nto a deeiooatar and albmed to aooP about  40 min. t o  
room Lemperatuss. Thay ass then weishsd t o  Q , b  mg. The 
desiecator  shcbuldremfn closed exaspt =hen remevinga smpPe, 

i, Using ordinary p r e ~ a h ~ t i o n ~  ia ~minLa '%ning~   ons st an% 
room Temperature, a temperatuse deter~ainpatbon o f  %he suapen- 
sion a t  the d d d $ @  o r  l a t t e r  gar$ 0%" .the %set has been %&-en 
as 421s average f a r  t h e  an t i r e  t e a % *  If t h o r e  $8  ~0n8iderable 
$eqera ture  variation nore f requent  r s a d i n ~ ~  w i l l  be neces- 
sary* 

3 .  A 8-9e s f  $he clear waLek from one sf %he p i n t  
b~ttx:~ evapof&L~d %O ~ V ~ B B  8h0uld give $he of  di8- 
~ o l v e d  sol ids  present ,  For the  sake o f  $he time saved, it is 
r eoom~nded  tha t  one o r  mar@ d f s ~ o l v ~ d  sobids detormiaaatione 
be mde i n  t h i s  e r  f o r  each aeL o f  gediment smples eo 
%hat it wIPP not be necesssry *kg filesr %hreu& f i l t e r  paper 
or  mash o r  a lmdu  cruofbles, Bperieaee ehsuPd d i c t a t e  t h s  
amber o f  determinatione necessary, Having detemined 
weigh$ of di880Pved  solid^ per O G ~ O ~  auspenaion,a c o r r s ~ t i a n  
can be mde t o  sash fraction withdram aooording $0 i t s  
vo lme , 

k, The recosdsd data "i;getkisr w i th  $ 9 ~  ~ompu%aCtio~ re- 
quire3 ts obta in  %@ cssrdinates o f  t h e  Wen c u w s  are ghom 
i n  Table 4, C o l t w ~  1 $0 6, inclusive, ass recorded during 
the maPysiao Ths weigh$ of ssdimenl i n  each fraction i s  ob- 
t a i n d  by aubtraeting %ha tare f ron the  gross m d  is r ~ ~ ~ r d b d  

7, Golum 8 bs t h e  net weigh% of  sediment %tf$er 
subtraating%he pregerLPonaLe mighL 0% dissolved s o l i d s  from 
%he weights  b Calm "$ By adding the net seighLs amti- 
Bative%y, as f e  dons %a CoL 9, t h e  t o t a l  sedineat wrea%&t 
i n  suspeaeion above eaah indicated depth $8 sbtained, A 
dsp%h fatter is +&en aompu%ed i n  C a l m  10 by div%ding the 

height8 i n  C a l m  3 i n t o  the Ls%a% 
180 erns Applying th fe  f a o t o r  t o  t h e  we$&ts i n  Csl 
duoesr aern te%he m i g h t  tha t  would obBain i n  a 100 
a% the s m e  average density* In Col 12 %hese w @ i @ t s  %or 
a 100 om, dep$h are e ssssd in pe~eeatagee of the % o t d  
sediment weighte Col 13 i a  the resul t  s f  applying tihe 



depth facLor %a the  elapsed time i n  Cal 2 he %he tine 
f o r  t h e  average density above eh obsemed hef@% , 

3 %o be reashed a t  bQO amo Xn effeck, Lhen, theee 
computalione r sduae ths  obssmsd  t b e s  of s e t t l i a g m d  m t @ t a  
%n euapension t a  a sons tmt  Beg* sf 100 cm. 

1, The ~ d & n  gume $B p$s$ted on rectmgdsr  600rdin&%~ 
paperwag shorn i n  Pig. 26, The l o w e r  curve of PIgr 26 i s  the 
complete oume p l o t t e d  from Colums 1 2  md la of Table 4, 
me upper oume i s  t he  upper por t ion  sf t h e  c o q l e t e  sum@ 
p l o t t e d  $0 an enlarged hasizsntal scale t o  fa~%Bi$a%e the 
determination o f  Lhs grading o f  t h e  a s a r e e r  par t ic les ,  
ohsioe of horizontal scales i a  8rb i t s r . a~  8s long as emocs* 
cumes are dram th r su@ %he p l o t t e d  points. M i n t s  of tm- 
genoy are looa$ed from tLh %a~qeraLurs of  the auepensfon 
( 2 6 ' ~  ,) a d  t h e  u@s sf Table 1 1% w i l l  be noLed t h a t  $he 
"equare r o o t  a f  two" grade a o a ~ e  18 uged, %he a Q n  
sume i s  deftnad any grade soafe may be ussd,bscauee as 
o r  as few grade po in t s  LS d e ~ i r e d  mybe detemined 'by merely 
drawing tangenks a t the  proper  points m d  r@ad$ng %he Lmgent 
intercepts on &he oeA%sal axis, 

Dissussisns The oons%ruo%%on sf %he 8d&n cume md 
%he d mgends i s  w matter o f  v i t a l  importwoe 
in t h e  mahyeis of  s edhsn t  amples .  In  oxed8r %O better 
show tho  mathod o f  drawing the3 cumyes b~9evera1 t ~ i c a l  
exmples a m  given i n  Appendix B. In suspended ssdindn% 
smplee  &ere ssdimenta%%on t&es place f s o m a m i f o d y  
dispersed o s n d i t i o n , t h s  settling o f  pa r t i o l e s  will con- 
t inue f o r  sevsra% hours 0s men day8 before a l l  pasti- 
a les  have c o ~ l e t e l y  s e t t l e d  cu t  o f  euepension. $&no@ 
%he 0dhn o u m s  as here used I ~ Q W I  the mom% of bsladi- 
ment remin ing  i n  suspension wi%h r e s p e c t  $0 %%me it i e  
eviden$ tha t  t h e  s l o p s  o f  %hs sums w i l l  probably never 
beoome ze ro  ovssr $he per iod  s f  t i m e  covered by the e i z e  
m a l y s i s  %se t .  $he eume w i l l  nsves  have 
a negative s l o p s ,  These faeLs are used as  a p i d s  i n  
drawing a QUPVB guch as  t h a t  shorn on Fig. 30, Appendix 
B +  80 iga~p01v~d OF r e f i n e d  method was usad i n  arriving 
a t  smooth average curves o r  in Lhs drawing sf tmgentss  
Cumss and tmgents  were dram with the a id  o f  fsenoh 
curves,  hip cumss ,  %ri&nglesr NO study was made 
s f t h e  extent of error  t o  be expected aa a r e s u l t  o f  the 
var ia t ion  i n  drawing o f  tmgksnb by $he a m @  o r  differ- 
ent  workers, 

A tangs& a t  a psihL i s  d i f f i c u l t  $0 draw on a 
eusre  having t o o  f l a t  o r  Loo steep a slope,  The her$- 
zsntaE scales used have been chosen i n  such a way %ha% 
$h i s  difficulty is minimizeda I t  may ba desirable to 
change scales LB I?%% d i f f e r e n t  ra%erials, If i% is f e l t  
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%ha% the tmgent in%ercep$ fo r  t h e  Oo0039-me f rae t ion  
is '$00 indefinite on Fige 2 G 0  Appendix 8 , f o r  instan~e~ 
the eume can be redram t o  a hor izontal  acale o f  200 
m%n, t o  t h e  sm, ins tead  of the  100 mfno t o  the ema as 
ahom, %is would increase %he s lope  o f  the  cume m d  
m k e  t he  drkwing sf %he tageat mrs positive, h y  of 
eeveral different  frenoh md 8hip oume@ m y  be used 
f o r  drawing %he ~ u m e s ~  but par t i cu la r  uee r ~ & b ~  M 8  02 
a ship cume similar  t o  Bietzgen e&$alope Bo, 2219-48 
in drawing the  f l a t t e r  port ion of the e w e s .  1% be- 
comes d i f f i c u l k  t o  m b t a i ~  oontinuity wiLh the use of  
ordinary freneh o r  sh ip  survss if %he horisan%a% soale 
i s  expmded mch bepnd  %hat used i n  $he cum98 @horn 
i n  th i s  r e p o d ,  

mis reeomended t e s t  procedure d i f fe rs  i n  some respects from %hat 

used i n  the tes t ing  of %he botkom wi%hdrawal b b s ,  1% was not praoLioabls 

t o  a%$empt $0 obta in  actual  suspended sediment s w l e s  with %he d e s i r e d  

size rmge from nearby PIVQRI~ men dry =%@rial was used ins.$;ead, b e  

oause m y  dealread oonsen%r~tioatb and vslme of suspension could easily b~ 

mde  up, The dry mterial was veighed, placed i n  a bsee r ,  oovsrsd wi% 

distilled water, a defloccu%mt added if neceegary, a d  allowed $0 ~ o &  

d P k  eh&e mixer, and dispersed f o r  10 mino The di ssapereion oup m d  mohhe 

s e r e  e h i l a r  %o those specified in  A B  S o  TO Be Deaigm%ion m22-38T. 

euetpension was then ready t o  be t rmsfersed t o  the bo%tom ai%hdramb b b e  

ad$he  etep by s%ep procedure followed as ou%lined abase, 8ince d i s t i l l e d  

wa te r  ms used, no osrreeLioab ms neaessaq f o r  diseolv& s o l i b ,  

In the tests the f r a c t i o n s  were s i a d r a m  in to  s 1 0 8 - e ~ ~ g l a e s  gradu- 

ate m d  %&en t r m s f e r r e d  t o  an evaporat ing dish, s h o e  essme of %he water 

would splash out  i f  taken d i r eo t l y  into the magom%ing dish,  In% order" 

$0 elbinate t h e  ne~essity sf U i n g  this %rmaPer, md to egsed up %he 



from t h e  tube d i m c l l y  into t h e  veraesl i n  which it i s  evaporated, 

Test r e s u l t s  of a fm mafyees m d e  sn actual  auepmded sediment 

smples  e ~ h a s i z e m e  likelbhoad*at ooncelatratione as l i g h t  as 100 pepam. 

may be hsvldled w i t h t h a , b e P ; t o m w i ~ d m a l  tube with aa accuracy comparable 

t o  the f i e l d  eondiLiona d e r  which they are usual ly  t akm.  Test r e s u l t s  

of one f i e l d  s m p l e  of hfgher oonosntration is &om i n  Table 4 and Fig. 

25. 

The foregoing procedure i s  not = t i r e l y  based upon extensive e ~ e r i -  

enoe, as it wsba necessary t o  complete the  project  before meany actual  sus- 

pended sediment s w l e s  vfere malyze3do It can no doubt therefore be im- 

proved upon as the  r e s u l t  of %uP$her eqes i snce ,  

Care should be rxereised i n  a t tacking the  sca le  to  t he  bottom with- 

drawal tube,  The scale  should coves o n l y t h e  cyl indr ical  port ion of t h e  

tube and t h e  volume below the  lowest reading on t h e  scale down t o  t h e  

pinch-clmp rah~atld be the same as  would e x i s t  i f  the cyl indr ical  port ion 

of t h e  tube webs extended dotvn to,  and t h e  tube ended at ,  the zero of the 

gagbe 'Fhus, if' the  lowest reading on the  scale i s  10 em,, t he  volume of  

the  tube below t h i s  g r a d u a t i ~ n  down t o  the  pinch-clump should be the  sane 

as  i n  any 10-cm. sect ion of the cyl indr ical  port ion of the  tube above t i e  

10-em, mark, 
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28. Typical teats--rube test resu l t s ,  oomputetions, .nd o d h  ourpss 

a r e  presented in this appendix f o r  s i x  m i c a 1  t e s t 8  covering a rmge of 

oonoentrcltione fro% 100 t o  %OQ,WQ pepsrase by %ei&t. Teast r s su l t 8  are 

a l so  8hom f o r  %o t ~ i o a l  pipe%%@ % @ a h ,  

s 4, 6 ,  md 11 in Tables 5 md 6 do no t  appear i n  t he  reoom 

mended data  sheet sham i n  Table 4, me so-oalled #d@asi%y factorw %XI 

1% ms introduced t o  cor rec t  f o r  my varia%ion i n  .$he d i m e t e r  of  

t he  tube %ha% d&t exis t ,  Prm a s k d y  of thibgd va r i a t i oa  it wae deter-  

mined that no appreciable e r ro r  ocourrsd whea %he densi ty  faotor  m e  @- 

limimked beoause, f o r  a l l  p r ac t i c a l  purpose@, t h e  d i m e t e r  of .$he glasa~ 

h b i n g  used m a  mifom throughou%, 

me m&n 0ume8 p lo t ted  from co a 19 and 14 ehm t h e  e r  of 

cons tms t ion  md indicate t h e  t a g e n %  ineereegts sblained, me oume f o r  

Teat  Ho. 32 i a  ehom on Fig. 14 m d  $ 8  n o t  here repmduocsd. Curnee f o r  

the  heavier oonaen%ra$ions folxow t h e  p lo t ted  poin%e v e v  closely,  mm 
conoentrations as l i g h t  as 100 p,p,m,bywei&t a r e  malyted, howmer, %he 

plot ted pofnts m y  sca$%er s o m d a t ,  w i a  the r e s u l t  t h a t  average oumeas 

m e t  be 

Table 7 shows r e s u l t s  and ooapu%ationrs f o r  %o t n i o a l  p ipe t t e  tee$@ 

run a t  a conoentmtion of f0,WO p8p.m~ P ipe t t e  t e s t s  m at  ~ i a  eon- 

o m % r a t i o n  were used as a basis f o r  de"$m$s%iagthe acouraoy of tube t e s t s  

mn on split s v $ e e s  A s  m exmple the s i ze  grading f o r  Tests 190, 82 m d  

m d  f o r  Teste Roe 39 m d  PI7 are d i r e o t l y  e o q a r a b l e  ae  these- 8eLs 

of  t e s t s  wsrs run an s p l i t  s q l e s *  
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The experimental and supporting data for all Lests run are on fils 

at the Hydraulio Lsboratory of the University of Im at % o m  City, Iovtra, 

and are amilabls for loan to any interested partiesp 
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TIME 8M MINUTES 

FIG. 27  ODE^ CURVE -TEST NO. 70 
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TIME %N MINUTE3 

FIC.%~-ODE@N CURVE-TEST N0,73 
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FIG. 29 -  ODE^ CURVE -+EST NO. 88 
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